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ABSTRACT 
The specific locus mutagenesis test generated thirty overlapping deletions at the 
brown (Trypl) locus. This has permitted high resolution molecular and functional 
analysis of a 7-9cM interval on mouse chromosome 4. Complementation analysis 
revealed four new functional units in the central to distal part of this region, two of 
which are early embryonic lethals. This study has shown that one appears to result in 
neonatal death. The fourth, baf (brown associated fitness) has a sub-viable 
phenotype, demonstrating poor growth, gut abnormalities, nervous behaviour and 
death at around weaning age. This phenotype appears to be highly variable, with 
some homozygotes surviving to adulthood. A comparative study of the different 
deletions in their homozygous state has been undertaken to determine if these 
phenotypes or their severity are genetically separable. 
Generation of fine structure map of a 2.5cM region encompassing these genes 
containing over 30 markers has been completed. Techniques including, sample 
sequencing, exon trapping, eDNA selection and homology mapping have identified 
transcripts from this region. This has resulted in a comparative transcript map of the 
mouse chromosome 4 interval and the conserved syntenic region on human 
chromosome 9. Several transcripts have been placed on this map and of particular 
interest is a transcript containing 13 PDZ domains which maps distal to brown. PDZ 
domains are know to interact with a number of proteins at specific junctions and may 
be responsible for the sub-cellular localisation and clustering of proteins into 
functional complexes. There is evidence that the protein interacts with the C-
terminus of the 5-HT2c receptor. To determine the possible roles of this gene in vitro 
functional assays and behavioural observations techniques have been utilised. 
Although the gene is not deleted from some deletions that give rise to baf animals, 
the proximity of the gene to the critical region means that it cannot be excluded as a 
baf candidate. Expression studies have been undertaken to determine the quantitative, 
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Introduction 
1.1 Historical aspects 
After the rediscovery of Mendel's laws by Correns, de Vnesn, and Tschermark 
simultaneously in 1900 the principles were first tested in animals by Bateson in 1902 who 
studied the inheritance of chicken comb characteristics. The first mammalian trait to be 
analysed was probably the albino mouse mutation in 1908 by Cuenot who also later 
described the lethal agouti yellow allele. Other coat colour variations of the mouse fancy 
were studied by Castle in 1903 and later by Little (1913). In 1909 the work of Tyzzer 
suggested that the "race" of mice was important in determining resistance to tumour cell 
inoculations and in the same year Little had begun generating the first inbred strains of 
mice, DBAs. These strains were subsequently used to experimentally verify the importance 
of hereditary factors in susceptibility to cancer (Little and Tyzzer, 1916). This work led to 
the development of many inbred strains of laboratory mice and began the history of mouse 
genetics as it is practised today. The subsequent large scale breeding programmes led to 
occasional observations of developmental abnormalities due to spontaneous mutations. The 
characterisation of such mutant mice vastly increased our understanding of mammalian 
developmental biology, demonstrating the importance of mouse mutational analysis in the 
study of mammalian systems. Progress in defining new genetic variants was extremely slow 
at that time. Little wrote in 1924 that "mice and rats are singularly free of morphologic 
variations" and Castle suggested to his former student Keeler that some other species 
besides mice should occupy his time as there were no new mutations to be discovered. 
These statements clearly demonstrate that as new mutations arise spontaneously at very low 
frequencies methods to generate new heritable mutations in the mouse are required to 
accelerate the process. 
1.2 The Specific Locus Test 
To study the mutability of the mouse genome by various radiation and chemical mutagens 
W.L. Russell developed the Specific Locus Test (SLT) in 1951 at Oak Ridge National 
Laboratory. The test is carried out by crossing mutagenised wild type male mice to females 
from a tester stock (T) that are homozygous for 7 recessive mutations which when 
homozygous or hemizygous give rise to visible mutant phenotypes (six coat colour and one 
ear and skeletal mutation). New mutations at any of the seven loci, induced by the agent in 
the germ cells of the treated parent, can easily be detected in the first generation by their 
visible phenotype (Figure 1.1). The seven mutations used were albino, brown, dilute, pink-
eyed dilution, piebald, agouti, and short ear. Animals found to be carrying a new mutation 
(e.g. y/y, where y indicates a new mutation at that particular locus) were used in a progeny 
testcross to y/v animals to test transmissibility and allelism of the new mutation. A series of 
genetic crosses was carried out on those found to be new heritable mutations to test whether 
the mutation was homozygous viable or lethal and to create breeding stocks carrying any 
lethal mutations. Lethal deletions were also crossed to mice with mutations in genes known 
to map near the particular tester gene mutated to determine possible allelism, i.e. 
hemizygosity due to a deletion (reviewed by Russell, 1989). 
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Figure 1.1 The specific locus test breeding protocol. 
This breeding protocol was used to detect mutations generated at the 7 loci. Chromosome 
markers, +(wild type), y represent any one of the loci and y*  represents a newly induced 
mutation at that locus. 
1 .3.Mutagenic agents 
The efficiency of the various mutagenic agents used and the germ cell targeted in the SLT 
has been reviewed by Rinchik (1991). The majority of specific locus mutations were 
induced by radiation, including X-rays y-rays and neutrons, which often result in gross 
chromosomal rearrangements (Searle, 1974). Using radiation, mutation rates of 1.9 x 10 4  
2 
and 3.3 x 104  mutations per locus were achieved in mature oocytes and post-meiotic 
spermatagonia respectively. Of the chemicals used in the original SLT, the highly 
clastogenic chemicals chlorambucil and meiphalan were found to be the most powerful. The 
exposure of early sperrnatids to chlorambucil resulted in 1.3 x 10 4 mutations per locus, a 
higher rate than that obtained with radiation. Most chiorambucil-induced mutations were 
also gross chromosomal rearrangements. 
The alkylating agent ENU (N-ethyl-N-nitrosourea) has since been shown to be the most 
powerful mouse mutagen with a rate of 1.5 x iO per locus (W.L. Russell et a!, 1979). 
Recent work has suggested that an even higher rate is achievable (M. Justice, pers. comm.). 
This mutagenic agent is now a very important tool for refining the gross functional maps 
that have resulted from the SLT and its use will be discussed in subsequent sections. 
1.4. Analysis of the SLT loci 
The combination of genetic and molecular analyses of mutations induced in the SLT has 
been a powerful strategy for developing fme structure functional, genetic and physical maps 
of large segments of the mouse genome. A survey of 5 of the loci will be given and a more 
in-depth review of the albino locus is required before focusing on the brown deletion 
complex itself. 
1.4.1 The dilute ( Myo5 ) and short ear (Bmp) mutation complex 
The dilute and short ear mutation loci are closely linked (0.16cM) on mouse chromosome 9 
and were chosen so that deletions spanning both genes could be identified. Many of the SLT 
mutations did include both loci. The original dilute mutation was identified by its light 
coloured fur, now known to be due to an altered distribution of melanosomes within 
melanoctyes of the hair follicle, resulting in inefficient transfer of melanin from melanoctyes 
to the keratinocytes of growing hair (Wei et a!, 1997). The original short ear mutation has 
cartilage defects leading to a reduced external ear size and other less obvious skeletal 
defects (Green 1968). Complementation analysis revealed 6 prenatal lethal functional units 
and 2 postnatal functional units in the mutation complex (Rinchik et al, 1986). Analysis of 
this region was made more complicated by several of the deletions that were not linear and 
other forms of rearrangement had occurred. 
Most spontaneous dilute mutations show a homozvgous lethal phenotype termed dilute-
lethal or dilute-opisthotonus (Rinchik etal. 1985) due to the mutants convulsive arching of 
the head and back. This locus has now been shown to encode the heavy chain of an 
unconventional myosin, myosin V (Mercer et a!, 1991) and other members of this protein 
family have since been identified by Zhao et a! (1996). The Myosin V protein is not only 
required for the correct distribution of melanosomes, but is also expressed in neurons where 
it is probably necessary for the correct distribution of products within the cell. True null 
mutations of this gene result in the opisthotonus phenotype as both neurons and melanocytes 
are affected, while the original dilute mutation, Myo5', is a result of altered expression of 
the gene affecting melanocytes only. This mutation was caused by a retroviral insertion into 
an intron and this provided molecular access to the locus. 
A directed chromosomal walk from Myo5 to the se locus led to the cloning of a bone 
morphogenic gene, Bmp-5, mutated in short ear mice (Kingsley et al, 1995). Bmp5, a 
member of a large family of signalling molecules involved in skeletal development and other 
processes. The spectrum of ENU-induced mutations providing sequence changes in the 
Bmp5 open reading frame has confirmed the importance of cysteine residues in the function 
of TGF beta superfamily members (Marker et al, 1997). 
1.4.2 The Pink-eyed dilute (p) mutation complex 
The Pink-eyed dilute gene was cloned from the unstable allele p" by identification of a 
chromosomal duplication within the gene that inactivated the encoded mRNA. The wild 
type locus encodes a melanocyte-specific 12-transmembrane-domain protein. Absence or 
alteration of this protein affects melanosome structure and melanin content (Gardiner et a!, 
1992) and results in type H oculocutaneous albinism (OCA2) in humans (Rinchik et a!, 
1993a). Forty five deletions have now been generated at the  locus on chromosome 7. This 
region encompasses several cloned genes and pairwise complementation analysis by Russell 
et al (1995) identified five functional units; these include f/s and f/rn (two distinct juvenile-
fitness functions, the latter associated with neuromuscular defects), p/-i and p1-2 (associated 
with early-postimplantation and preimplantation death, respectively), and ni (neonatal 
lethality associated with cleft palate). Studies in this region have already proved vital to the 
analysis and subsequent transgenic rescue of the cleft palate mutation (Culiat et a!, 1993, 
1995). 
4 
1.4.3 The Agouti (a) mutation complex 
The a locus on chromosome 2 has the least number of recovered deletions; it has proved to 
be the least mutable of the seven loci. The agouti locus is responsible for the bi-colour 
banding pattern of individual hairs of wild type mice. Characterisation of a radiation 
induced translocation with breakpoints in a and Id (limb deformity) led to the cloning of the 
agouti gene (Woychik et al, 1990). The agouti gene product regulates the alternate 
production of two pigment types, resulting in agouti hair, by acting as an antagonist or 
inverse agonist at the MSH (inelanocyte stimulating hormone) receptor, Mclr. In the 
presence of agouti protein melanocytes make yellow pigment, in its absence they respond to 
endogenous a MSH to produce black pigment. Alleles recovered by the SLT display 
phenotypes ranging from subtle coat colour effects to preimplantation lethality. Several 
alleles display a dominant yellow coat colour and in addition have pleiotropic affects 
including diabetes, obesity, and susceptibility to neoplasms. Molecular characterisation has 
shown that such dominant pleiotropic effects, as seen in the spontaneous mutation A, are 
due to over-expression of the agouti protein and the recessive lethality observed in other 
mutations is due to the lack of a neighbouring gene product, Raly (Michaud et a!, 1993 and 
1994). Complementation analysis of eight lethal deletions has also revealed three functional 
units involved in prenatal lethality that flank the agouti locus. 
1.4.4 The Piebald (Ednrb5) mutation complex 
The spontaneous piebald mutation, formerly (s), now Ednrbs,  exhibits white spotting due to 
loss of melanocytes in discrete patches and also loss of enteric ganglia in the distal colon. 
These phenotypes are the result of the loss of the endothelin B receptor (Ednrb) which is 
required for neural crest derived melanocyte and enteric neuron development. Molecular 
characterisation of four SLT induced alleles has provided much valuable information on the 
function of this gene product (Shin et a!, 1997) which has now been implicated in the 
congenital human gut defect Hirschsprungs disease (Robertson et al, 1997). 
Complementation mapping of the SLT induced mutations has localised skeletal and central 
nervous system phenotypes to defined regions of the deletion complex. Further molecular 
analysis of this region will lead to the identification of the gene(s) involved in these 
phenotypes. 
1.5 The Albino (Ty,) mutation complex 
Of the seven mutation loci used in the SLT the Tyr locus is the best characterised. The 
albino mutant allele in the tester stock is the partial loss of function chinchilla allele of 
Tyrosinase (Ty,). This made subsequent analysis much simpler because the coat colour of 
Tyr/Tyr c" is distinct from both Tyrthl Tyr' and TyrC/TyrC, allowing identification of both 
carriers and homozygotes. Over 120 radiation induced mutations have been isolated (L.B. 
Russell et a!, 1979) and this region of chromosome 7 has also been subjected more recently 
to ENU saturation mutagenesis. Mutations at Tyr result in either loss of pigment or greatly 
reduced pigment as it encodes tyrosinase (Kwon et a!, 1987), an enzyme required for 
melanin biosynthesis. Comprehensive analysis of 34 deletions including stage of lethality, 
deficiency mapping and complementation testing was initially carried out by Russell et al 
(1982). 
1.5.1 Analysis of 34 Tyr deletions 
Time of death studies allowed the 34 deletions to be divided into 5 groups. Only one 
deletion had a subviable, small phenotype when homozygous. 7 died neonataly and 26 
deletions were never present as homozygotes at birth. This last group could be subdivided 
equally into two groups, those lethal before implantation and those lethal at or soon after 
implantation. Deficiency mapping was carried out by mating each of the 34 deletions with 
mice carrying mutations or variants in each of the four genes previously mapped to the 
region. These were taupe (Ip), a recessive coat colour mutation; Mod-2, a mitochondrial 
malic enzyme; Hbb, encoding the haemoglobin B chain and shaken (shi), a mutation in the 
myosin VII gene which is required for correct inner ear development. Complementation 
analysis was carried out by pair-wise mating of 30 of the deletions and scoring the 
hemizygous offspring to one of four broad phenotypes: good survival; poor survival; 
neonatal death or prenatal death. The result of all three types of study concurred and 
permitted the construction of a linear functional map of the region. Subsequent detailed 
embryological analysis of the c locus deletion phenotypes (reviewed by Holdener-Kenny et 
a!, 1992) built upon this framework and identified six functional units required at various 
stages of development (figure 1.2). Three genes are required at gastrulation: exed (extra-
embryonic ectoderm development); msd (mesoderm development) and eed (embryonic 
ectoderm development). msd has been shown to be necessary for mesoderm induction 
(Holdener et a!, 1994). The eed mutation disrupts anterior mesoderm production, resulting 
in defected axial organisation during gastrulation (Faust et a!, 1995). One other gene, pid 
(pre-implantation development), is required at an even earlier stage of development. The 
remaining two genes are required for postnatal development, hsdr (hepatocyte specific 
developmental regulator- 1) and jdf (juvenile development and fertility). All names are 
accurately descriptive of the phenotype or stage of lethality resulting from homozygous loss 
of the regions they define. 
tp 	 C 	 Mod-2 	 sh-I 
3 c 	 I 2 c 	 4 c I 	 I 
m s d I hsdr I Jdf J 	eed exed 	pid 
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Figure 1.2 Complementation map of the albino deletions 
This complementation map of the albino deletions is a modified version of a previously 
published map (Rinchik, 1992). Marker loci include tp (taupe), c(Tyr), Mod-2(mitochondrial 
form of malic enzyme), and shi (shaken). Functional units identified by complementation 
analysis (see text) are indicated below the genetic map. Deletion chromosomes are 
illustrated below the functional units. Symbols within the deletion gap represent 
complementation group names with the number in parentheses indicating the number of 
individual deletion chromosomes assigned to each group. Striped chromosomes indicate that 
it cannot be determined whether those deletions remove both eed and exed, eed only or 
neither. 
1.5.2 ENU Mutagenesis of the albino locus 
The functional units described in 1.5.1 are possibly the result of the loss of multiple genes as 
the deletions and the distances between complementing deletion endpoints are relatively 
large. Also, other genes present in the region may not be identified by deletion analysis 
alone as the more subtle effect of their loss may be concealed by earlier acting mutations. 
The generation of intragenic point mutations is therefore invaluable in uncovering such loci 
and enables fine-structure mutational analysis of large chromosomal regions (reviewed by 
Rinchik et a!, 1991). New mutations were detected using the breeding protocol shown in 
figure 1.3. ENU treated males were mated with wild type females and female offspring were 
then crossed to males heterozygous for the Tvr allele and the Tvr encompassing deletion 
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Tyr-0-
FpI  This deletion is one of the largest at Tyr and includes the Mod2 and shl loci. Viable 
new recessive mutations within the Tyr deletion region are albino and therefore all albino 
progeny were examined for mutant phenotypes. Any cross which resulted in no albino 
offspring indicated that the new mutation was prenataly lethal, and carriers of these 
mutations were recovered as the light chinchilla mice. New ENU induced loci were mapped 
using the panel of deletions and once the same mutations had been recovered at several loci 
it was assumed that saturation mutagenesis had been achieved (Rinchik et al, 1991). Of the 
independent lethal mutations isolated, two mapped to the eed locus, four mapped distal to 
the pid locus and were found to be lethal at varying times shortly after implantation (Rinchik 
et a!, 1993b). Also a new locus, fit-I, was identified mapping between eed and exed, that 
caused ranting and poor survival. This mutation has now been shown to result in deficiency 
of early haematopoeic progenitor cell populations (Potter et a!, 1997). The saturation 
mutagenesis of this region therefore not only isolated new alleles of known functional units 
but also isolated several additional new ones. 
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Figure 1.3 Albino ENU mutagenesis breeding protocol 
Breeding protocol (detailed in text 1.5.2) used to generate and identify ENU-induced 
recessive mutations within the region corresponding to the 6-11 cM deletion, Tyr' ° (adapted 
from Rinchik et al, 1990). m represents a new mutation induced by ENU. 
Tyrth + 
Wild type 
1.5.3 Molecular analysis of the c region 
Several strategies have been utilised to gain molecular access to the c region, including the 
use of two viral integration sites. The polytropic murine leukaemia virus, Pmv-31, is closely 
linked to the Tyr locus (Frankel et a!, 1989) as is the defective ecotropic murine leukaemia 
provirus, Emv-23, in the mouse strain C58/Lw (Silver, 1985). Pmv-31 and Emv-23 were 
mapped using the deletion complex, proximal and distal to Tyr respectively. Emv-23 was 
cloned with some flanking chromosome 7 sequence to provide the starting point for long 
range chromosome walking. 
Anonymous clones from a number of sources have been mapped within the albino deletion 
complex including clones (see 1.8.1) isolated from microdissection libraries of metaphase 
chromosomes (Tonjes et al, 1991). Chromosome 7 specific cDNA clones isolated from 
enriched cDNA libraries constructed from chromosomes carrying albino locus 
translocations have also been mapped to the region (Disteche et a!, 1984). Anonymous 
clones mapping close to the deletion endpoints permitted chromosome walking and jumping. 
Other clones have detected size-altered restriction fragments containing deletion endpoints, 
which have then been cloned (Rinchik et al, 1993c). Long range physical maps were 
generated by Pulse Field Gel Electrophoresis (PFGE) analysis of markers in the region 
(Kiebig et a!, 1992) and neighbouring markers were used to generate YAC and small scale 
phagemid contigs. 
The generation of physical maps has to date permitted the cloning of one gene in the Tyr 
region required for normal development, eed. Chromosomal walking from the proximal end 
of a YAC led to the isolation of a CpG island located approximately 40 kb proximal to a 
deletion breakpoint (Holdener et a!, 1995). A 1kb fragment from this CpG island was used 
to isolate overlapping clones from a cDNA library constructed from embryonic day 7 mouse 
tissue. The candidate gene was cloned and found to be a highly conserved homologue of the 
Drosophila polycomb group gene extra sex-combs. (Schumacher et a!, 1996). The 
involvement of this gene product in the mutant eed phenotype is validated by the analysis of 
the two non-complementing ENU induced alleles mentioned in 1.5.2. 
Further molecular analysis of this well characterised deletion complex will lead to the 
isolation of genes from the mapped functional units. With the addition of intragenic, ENU 
induced mutations in the region, the rapid validation of candidate genes may be possible. 
Much biology can be learned from the study of multi-allelic series of mouse mutations, a 
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good example being the micropthalniia locus on mouse chromosome 7 (Steingrimsson et al, 
1994). Allele series provide more information than can ever be obtained from the null alleles 
that are the result of most deletion phenotypes and also from most knock outs in ES cells. 
1.6 The brown deletion complex. 
Lesions at the brown locus on chromosome 4 result in a brown or cinnamon coat colour 
rather than wild type black or agouti due to the production of brown rather than black 
eumelanin pigment. The original recessive brown mutation used in the SLT arose 
spontaneously and was first described by Little in 1913. Since then many mutant alleles 
have been isolated including mutations both recessive and dominant to wild type. 
1.6.1 Recovery of SLT induced brown mutations. 
The radiation and chemical-induced mutations generated by the SLT were initially analysed 
by L.B. Russell, later by E.M. Rinchik. To determine whether the mutations were viable or 
lethal as homozygotes the breeding protocol outlined in figure 1.4. was used. The brown 
offspring that occasionally arose in the Fl generation of the SLT cross (figure 1.1) were 
initially crossed to wild type (BB) mice and 12 male GI progeny were saved. Each of these 
12 G 1 males (approximately 50% of which will be Bb and 50% Bb) becomes the progenitor 
for 1 of 12 independent lines derived from each primary mutant identified. Each male was 
crossed to an unrelated B/B female and G2 daughters saved and test mated to bib males to 
reveal which are B/B and which are either B/b or B/b 5 . The G2 daughters that give rise to 
brown offspring in this test cross must carry either the b or b 5 allele and were therefore back-
crossed to the GI sire. If all twelve lines from a single primary mutant produce brown 
progeny (bib or b 5/b5) in the G3 offspring it was assumed that the b 5/b5 phenotype is viable. 
Any back-crossed female that failed to produce brown progeny among approximately 20 
offspring was assumed to carry a prenatal lethal b 5/b phenotype. Breeding stocks of the 
lethal mutations were established from the founding Gi male or alternatively from any one 
of his progeny tested descendants. Since the brown gene had not yet been cloned at the time 
of this analysis it was not possible to distinguish between the original brown mutation and 
newly induced viable mutations that did not have a novel visible phenotype and 








Figure 1.4 Breeding protocol used to recover SLT induced brown mutations 
This figure adapted from Rinchik et a! 1994, shows the breeding protocol used to identify 
newly induced homozygous lethal mutations at the Tyrpi locus. B represents wild type, b the 
original brown mutation and b*  a newly induced mutation. Phenotypically brown mice are 
represented by a shaded box, all other mice will be wild type black. Only one G 1 male of each 
genotype is shown for simplicity, in reality a total of 12 male G 1 progeny were saved and 
tested from each G0 cross. A female primary b/b*  mutant is shown, but recovery of male 
primary mutants is equally likely. 
1.6.2 The isolation and characterisation of the brown gene. 
The cloning of Tyrpl in 1986 by Shibahara et al facilitated further molecular analysis of the 
brown locus. A full length cDNA was isolated from a subtracted pigment cell specific 
library and shown by recombinant inbred analysis to map within 2.8cM of the b locus 
(Jackson et al, 1988). Evidence that the product of this gene relates to the brown phenotype 
was provided by cell culture experiments (Bennett et a!, 1990). Cultured melanocytes 
isolated from brown mice were transfected with a retrovirus containing the full length 
cDNA which rescued the brown phenotype of the cells. Since the cDNA displayed 
similarities to the tyrosinase gene it was named tyrosinase related protein-1 (Tyrpi). 
Analysis has now shown that these proteins are 40% identical at the amino acid level. 
Another tyrosinase related protein, TRP-2 has since been isolated and shown to be the 
product of the slaty locus on mouse chromosome 14 (Jackson et a!, 1992). 
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Sequence analysis of Tyrpi in brown mice revealed four nucleic acid changes and by 
sequence analysis of the Tyrpi gene from a mouse in which a reversion from brown to black 
was induced by ENU it was shown that only one of these amino acid changes, the 
substitution of a conserved cysteine to tyrosine, is the cause of the brown phenotype 
(Zdarsky et al, 1990). This mutation does not effect the level of Tyrpi mRNA but results in 
non-functional translated protein. As is it not fully glycosolated, this may result in aberrant 
folding of the protein and greatly reduced stability. Other allelic mutations were found to 
have either reduced or absent amounts of Tyrpi mRNA (Jackson et a!, 1990). Tyrpi is a 
highly glycosylated, melanosome specific transmembrane domain protein and its human 
homologue gp75 has been identified (Vijayasaradhi et a!, 1990). A review of tyrosinase 
related proteins and their function in mammalian pigmentation is provided by del Marmol 
and Beermann (1996). 
1.7 Functional Analysis of the SLT induced brown mutations. 
As with the other SLT loci, complementation analysis and phenotype studies have revealed 
the presence and position of a number of functional units within the brown deletion region. 
Pseudodominance tests were carried out to determine if any b deletions extended to either of 
the closely linked loci, whirler (wi) or depilated (dep) by crossing females heterozygous for 
each brown deletion to heterozygote dep and wi males. A minimum of 15 F 1 offspring were 
inspected for the expression of the whirler or depilated phenotype (whirling/circling 
behaviour or juvenile hair loss respectively). Twenty seven Tyrpi deletions generated by the 
SLT were found to be lethal when homozygous and termed Tyrpi' (Rinchik et a!, 1994). 
Pairwise trans complementation crosses were carried out by crossing mice heterozygous for 
independent Tyrpi' deletions and a minimum of 23 progeny from each cross were examined 
for the presence of brown offspring. Assuming equal transmission of the Tyrpi and Tyrpl' 
alleles, a binomial distribution predicts that the probability (P) of these crosses producing no 
brown progeny by chance in 23 progeny is 0.0013. Brown progeny were tested for total 
deletion of the Tyrpi gene by southern blot analysis of tail biopsy DNA with a Tyrpi cDNA 
probe. This analysis served as a control for any accidental mis-typing of +/Trypl parents as 
+/Tyrpl'. Inter-crosses between Tyrpi/Tyrpi' males and females were used to estimate 
crudely the stage of lethality for a number of Tyrpl'/TivrpI' homozygotes. Females were 
sacrificed at day 13.5-15.5 of gestation and all uterine contents, including dead implants but 
not resorption moles, were genotyped by southern blot analysis. The integration of these 
studies permitted the generation of a simple functional map indicating four functional units, 
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1(4)lRn, 1(4)2Rn, 1(4)3Rn and baf (brown associated fitness) (Figure 1.5). Homozygous 
deletion of 1(4)lRn results in early gestation death since no homozygous foetuses were 
found at E13.5-E15.5. The homozygous deletion of the adjacent functional unit, 1(4)2Rn, 
results in late gestation or possibly neonatal death as homozygous embryos were present at 
E13.5-El5.5 but progeny were not present at weaning. The most distal functional unit 
required for prenatal development, 1(4)3Rn, resulted in death before mid-gestation when 
homozygously deleted. 
1(4)1 Rn 	baf 	I(4)2Rn 	1(4)3Rn 
I 	 II 	 II 	 I 
III 
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Figure 1.5 Complementation map of the brown deletion complex 
This figure was adapted from Rinchik (1994). Loci defined by complementation analysis of 28 
lethal brown deletions are indicated above the brackets and are defined in the text, as are the 
previously known loci, wi, Tyrp 1 and dep. Solid lines below the map represent the genetic 
extent of deletions within the seven complementation groups. The box at the end of group 4 
denotes uncertainty about the distal extent of these deletions. Complementation groups 
consist of the following deletions; 1: 11 R30M; 2: 26R60L, 55C0S, 1 DFiOD, 3YPSc, 49HATh, 
13DTD, 51DThWb, 47DthWb, 1THO-IV, 37DTD, 173G, 331K, 1FCHL; 3: 37pub; 4: 3YPSh, 
11 Pu, 1 2PU, 131375M, 5CHLe; 5: 8Pub, 4ACRg; 6: 1 OZ, 9R75VH; 7: 46UTHc 
Every combination of deletions that complement for prenatal lethality tested produced 
compound heterozygous progeny with reduced fitness. Effects ranged in severity from 
extreme runting that resulted in pre-weaning death to slight runting that did not affect 
viability or fertility in males or females. Figure 1.6 depicts a typical baf animal homozygous 
for the deletion IFCHL C . As no combination of crosses could complement for this 
phenotype, the gene (or genes) responsible must be very closely linked to brown and is not 
separated from Tyrpl by any distal or proximal breakpoints. However the deletion of Tyrpi 
will not result in the baf phenotype as the white based brown mutation (Tyrp1, Hunsicker, 
1969) shows no detectable expression of Tyrpi (Jackson et al 1990) and exhibits no 
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phenotype other than lack of pigmentation at the base of its hairs due to melanocyte cell 
death during hair growth. 
Figure 1.6 Example of the bat phenotype 
Mice shown above are 3 week old male littermates from a cross between +/TyrpF 
parents (see figure 4.1). The smaller mouse was shown, by southern blot analysis, to be 
homozygous for the deletion while the larger male retained at least one copy of the Tyrp 
locus. 
1.8. Analysis of seven brown mutations generated by the SLT at Harwell 
The SLT was used to generate mutant mice at the MRC Radiobiology Unit, Didcot by Bruce 
Cattanach and others. A limited analysis of these mutations (Bell, 1994) is summarised 
below. 
1.8.1 Generation and detection of homozygous mutants 
As Tyrpi had been cloned and the mutation in the brown mutation of the tester stock 
identified analysis of these mutations was much simpler than that of the Oak Ridge 
mutations. The single base change in brown mice conveniently destroys a TaqI restriction 
site allowing discrimination between Tyrpib  and the wild type allele by Southern blotting or 
PCR. The breeding protocol to detect homozygous lethal; mutations involved crossing 
mutated mice with the brown phenotype (TyrpI1' /Tyrpl*),  Where Tyrpl*  represents a newly 
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induced allele, with wild type mice and typing the offspring by PCR. Those without the 
Tyrpi" specific PCR product would carry Tyrpi and were sib mated to produce the F 2 
offspring, a quarter of which should be homozygous for Trypi . The F2 offspring include 
brown mice, if the mutation is not homozygous lethal, and black mice that are either +/+ or 
TyrpI carriers. Lines were subsequently maintained by crossing heterozygote mutants to 
Tyrpl1'/ Tyrplbmice  and brown coloured deletion carriers, identified by PCP, subsequently 
crossed to +/ TyrpIt mice to continue the breeding scheme. 
1.8.2 Phenotype analysis of homozygous mutants 
The phenotypes of the homozygous mutants generated by the breeding protocol explained in 
1.8.1 were variable. Interestingly, mice homozygous for the Tyrp 571' mutation exhibited the 
baf phenotype described in section 1.7.1. Unfortunately the line generated from this 
mutation was lost due to a haplotyping error before further phenotypic studies could be 
carried out, however some DNA was saved. When homozygous the mutations Tyrp 5811, 
Tyrp 59 ', Tyrp 6 and Tyrp 62 ' were not lethal and displayed no other visible phenotype 
than their coat colour. The single Tyrp 601' female obtained was infertile and on post-mortem 
examination shown to have a uterine defect so no offspring carrying this mutation were 
obtained. The only mutation shown to be prenatal homozygous lethal was Tyrp 63 ', no 
brown offspring were detected in a total of 78 progeny. Further analysis showed that the 
homozygotes were not present at eli .5. How much earlier the mutation affected survival 
could not be ascertained because embryonic material recovered before this stage was 
contaminated with maternal tissue and could therefore not be genotyped. 
1.8.3 Molecular analysis of the Harwell mutations 
Deletion analysis determined that 3 of the mutations, Tyrp1 581', Ty,p159hf  and Tyrpl 6011, 
were not deletions as restrictions fragments observed by Southern blotting were not reduced 
in length. The other four mutations were found to be deletions and DNA from the three that 
were homozygous viable, Tyrpl t' 5711, Tyrp] 6111 and Tyrp1 6211, was used to map markers in 
the Tyrpi region. As the Tyip1 63M mutation was not viable when homozygous, homozygote 
DNA could not be obtained and the deletion was crossed to Mus castaneous to obtain 
hybrid DNA so that markers could be mapped by the use of differences between the two 
species in restriction fragment lengths and simple sequence repeat lengths (section .1.10.2). 
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1.9. Generation of DNA markers in the brown deletion complex 
DNA markers may be generated by many methods, some of which are more productive than 
others. The techniques that have been successfully used to generate markers in the brown 
deletion complex region are detailed below. 
1.9.1 Microdissection and microcloning 
The technique of microdissection was developed using the large polytyene chromosomes 
isolated from the salivary glands of Drosophila. The method was first used on murine 
chromosomes by Robme et al (1984) to isolate clones of the mouse t complex, and has since 
been used to isolate large numbers of markers from other specific sub-chromosomal regions. 
The chromosomal region of interest is identified in unstained metaphase spreads and 
physically dissected from the chromosome. The difficulty of identifying specific mouse 
chromosomes in unstained spreads may be overcome by the use of cell lines carrying 
Robertsonian translocations between certain chromosomes. Baharay et a! (1993) generated a 
microdissection library from a region of murine chromosome 4 surrounding a locus involved 
in diabetes (db) which maps 10 cM distal to Tyrpi. Chromosome 4 could be identified in 
metaphase spreads from mice carrying a 4:15 Robertsonian translocation due to its increased 
length and centrally located centromere. The Tyrpi gene had previously been localised to 
the translocation chromosome by in situ hybridisation (J. Fantes, unpublished data) and part 
of the chromosome was microdissected from this region. Isolated DNA was digested with 
EcoRl and cloned into the bacteriophage lambda vector ?.gtlO. Of the 200 clones initially 
isolated 41 were genetically mapped by intercross analysis to a 21 cM region surrounding 
db. On average the clones were about 1 8Obp long and located 0.50cM apart. The remainder 
of the clones were either found to be unlinked to chromosome 4 or could not be mapped due 
to the presence of repeat sequences or the absence of a Restriction Fragment Length Variant 
(RFLV). These microdissection clones significantly increased the marker density in both the 
Tyrpi and db regions, assisting the eventual cloning of the db locus (Lee et a!, 1996). 
Clones mapped to the brown deletion complex are shown in figure 1.7. 
1.9.2 Microsatellites 
Microsatellites are tandem repeats of simple sequence that occur abundantly and at random 
throughout most eukaryotic genomes. The most common microsatellite is a CA dinucleotide 
repeat which is estimated to be present, on average, every 30kb in humans and 18kb in mice 
(reviewed by Hearne et a!, 1992). The repeat unit is usually between 1 and 6bp long and 
most consist of 10-50 tandemly repeated units, embedded in DNA with unique 
sequence. Primers directed against unique flanking DNA sequences permit the amplification 
of microsatellites in vitro by PCR. Microsatellites display considerable polymorphism due 
to variation in the number of repeat units. 50% of microsatellites are variable amongst 
inbred strains (Love et a!, 1990) and many more are variable between species. Such 
polymorphisms are sufficiently genetically stable to use in genetic analyses and have been 
used to construct high resolution maps of the mouse genome. 
Polymorphic microsatellite repeats have been isolated by various methods, the simplest of 
which is to search the database of previously cloned sequences for the presence of repeats 
(Hearne et a!, 1991). Alternatively, micro satellites have been obtained by screening genomic 
libraries by hybridisation using a (CA) oligonucleotide (Dietrich eta!, 1992). Thousands of 
inicrosatellite markers are available from Research Genetics as MapPairsTM, with new 
markers continually being made available. 
Methods are also available to isolate microsatellite markers from specific chromosomal 
regions. Again a Robertsonian translocation has been employed in isolating clones from 
mouse chromosome 4. A library made from a 4:6 Robertsonian translocation, isolated by 
flowsorting, was screened for CA and GT repeats (Cornall et a!, 1992). Of the 20 isolated 
clones that were analysed for polymorphisms, 70% were polymorphic in inbred strains and 
85% showed interspecific variation. Thirteen of these clones were genetically mapped using 






















































Figurel .7 integrated map of the brown deletion complex 
This map of the brown deletion complex (from Bell, et al 1994) shows the deletions as solid 
bars beneath the chromosome with all markers ordered and divided into bins. The functional 
units are shown immediately beneath the chromosome. Filled black rectangles at the ends of 
some deletions demonstrate that the extent of the deletion end is not known. Genetic 
distances between markers are shown at the bottom of the map. D4Mit refers to 
microsatellite markers, D4Rck refers to microdissection clones, D4Jkn refers to markers 
derived from YAC end fragments. An asterisk indicates marker was previously mapped 
(Rinchik 1994 and Rinchik et a!, 1994). The later identified deletion 1 FCHL Has the same 
deletion endpoint as 1 3DTD and 9PU on this map. 
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1.10 Mapping of markers in the brown deletion complex 
1.10.1 Genetic mapping 
Genetic mapping in the mouse can be achieved by the use of intraspecific or, more 
commonly, interspecific backcross analysis. Backcross progeny (progeny of a mating 
between F! hybrids and one or the other parental strain) are initially typed for anchor loci 
that are polymorphic between the two strains used and have previously identified 
chromosomal locations. If the whole genome is to be mapped, up to four loci on each 
chromosome are used to identify recombination events between the progenitor chromosomes 
and localise the event between two markers. High resolution genetic mapping can then be 
undertaken in mice recombinant in the inter-anchor interval covering the region of interest 
and genetic linkage between two loci can be established by analysing recombination 
frequencies. As every backcross mouse tests one meiotic event the recombination frequency 
can be determined from the number of recombinants / total meioses. An anchor map of 78 
loci was generated (The European Backcross Collaborative group, 1994) from 982 progeny 
produced by a mouse interspecific backcross, the European Collaborative Interspecific 
Backcross (EUCIB), between Mus musculus C57BL/6 and Mus spretus. Due to the large 
number of progeny scored in this backcross genetic markers that lie on average an 
equivalent of 200Kb apart can be resolved. The EUCIB resource has been used to generate 
a high-resolution microsatellite map containing 3368 markers, ordering them into 2302 
genetically separate bins which are separated on average by 0.61cM. This distance is 
approximately 1Mb in the mouse genome. The panel of EUCIB DNAs has been used for the 
genetic mapping of markers in the brown deletion complex (figure 1.7). 
1.10.2 Deletion mapping 
Because of the prenatal lethality of the majority of these deletions when homozygous, 
hybrid DNA was obtained by crossing animals heterozygous for the Oak Ridge deletions 
with M. spretus mice. The presence or absence of markers in each deletion can therefore be 
detected by virtue of RFLVs that exist between the two species. This resource greatly 
facilitated the mapping of a number of markers within the Tyrpi deletion complex. 
1.11 Isolation of cloned sequences within the complex 
An incomplete physical map of the brown deletion complex was generated (Bell, 1994) 
isolating overlapping clones that were then assembled into contigs. A number of different 
vectors have been used for the cloning of genomic fragments and production of libraries 
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including YACs BACs, Cosmids, and PACs. YAC libraries were preferentially chosen for 
the initial physical mapping of the region because of their large average insert size, 
permitting coverage of a large interval. Many YAC libraries and YAC screening services are 
available and many techniques for the efficient manipulation of YACs have been developed. 
A number of YAC libraries were screened by either hybridisation or PCR and Pulse Field 
Gel Electrophoresis (PFGE) was used for the determination of YAC insert size and for 
restriction mapping. Sequences at the ends of YACs were isolated by a PCR technique and 
subsequently used to re-screen libraries to generate physical contigs of overlapping clones. 
Although YACs have proven to be a useful tool in genomic analysis, they have a number of 
disadvantages over other cloning techniques. Fluorescence in situ suppression hybridisation 
(FISSH) studies have shown that 40 % of the YACs in some libraries are chimeric (Selleri et 
a!, 1992). Other YACs present in libraries may contain non-contiguous DNA due to 
rearrangements or deletions. The most positive feature of YAC clones, their large size, 
therefore renders them unstable and often not useful. Another problem associated with 
YACs has been the tendency for insert ends to contain repeat elements probably because 
they are usually prepared from genomic DNA digested with the restriction enzyme EcoRl. 
The mouse major long interspersed repeat Llmd (LINE I of Mus domesticus) contains 2 
EcoRl sites. The mouse genome contains an estimated 106 EcoRl sites and 100,000 copies 
of the LINE repeat. 20% of all EcoR 1 sites will therefore be within this repeat giving a 1 in 
5 probability that any YAC end is within a LINE, making contig generation very difficult. 
These common problems can make the manipulation and usage of YACs difficult and 
inefficient. Bacterial artificial chromosomes (BACs) however do not have these 
disadvantages. Their smaller size means more are required to span the same region of DNA, 
but also makes chimerism and rearrangements unlikely. They are also cloned into Hind ifi 
restriction sites, avoiding the LINE problem. BACs were subsequently used for the physical 
analysis of this region. 
1.12 Gene isolation techniques 
The physical maps generated have permitted the use of standard gene isolation techniques 
including exon trapping, sample sequencing and cDNA selection. The region of conserved 
synteny on human chromosome 9 has also been used to access transcripts mapping to the 
region. 
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1.12.1 Direct cDNA selection 
Several approaches toward rapid gene identification have been described. The identification 
of sequences conserved between species has been a useful pointer to genes within large 
regions of chromosomal DNA (Monaco et al, 1986); alternatively the identification of CpG 
islands, clusters of non-methylated CpG dinucleotides (Bird, 1986), has resulted in the 
isolation of a number of genes. Both methods are labour intensive and require much sub-
cloning and restriction mapping. 
The development of direct cDNA selection techniques (Lovett et a!, 1994) has vastly 
improved the speed and efficiency with which genes can be isolated from cloned genomic 
DNA. Selection and recovery of cDNAs is achieved by hybridisation-based methods and 
PCR and can give up to 100,000-fold enrichment of specific cDNAs. Unfortunately direct 
selection of cDNAs depends on the expression profiles of the unknown genes located within 
the genomic fragment of interest, information that is not likely to known. CDNAs that are 
transcribed very rarely may also not be identified by this method. 
1.12.2 Exon trapping 
Exon Amplification is a method for identifying candidate transcribed sequences in cloned 
mammalian genomic DNA, based on the selection of functional splice sites. Unlike direct 
selection of cDNAs this technique does not depend on the expression profile of the gene(s) 
located within the genomic fragment under study. The first Exon amplification systems 
(Auch and Reth, 1990; Duyk et a!, 1990) were plasmid based and therefore not very suitable 
for large scale analysis. The construction of a novel phage vector, kGET (?Genomic Exon 
Trap), utilising both high cloning efficiency and automatic plasmid subcloning ability has 
greatly advanced this technique (Nehls eta!, 1994). 
The XGET vector has a plasmid backbone flanked by tandomly arranged loxP sites, 
permitting in vivo subcloning via cre- recombinase mediated excision in certain E.coli 
strains. Subcloned plasmids are transfected into cos cells for transient expression. Within 
the vector the RSV-LTR drives expression of a chimeric gene containing the second and 
third exons of the rat preproinsulin H gene. Splice donor and splice acceptor site are 
positioned such that any exon sequence cloned into the intron flanked by the splice donor 
and acceptor sites become trapped in a mature cytoplasmic RNA derived from the reporter 
gene. RT-PCR performed on RNA extracted from the transiently transfected cells with 
primers designed form the rat gene will amplify any exon that has been 'trapped' and 
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expressed within the chimeric gene. Exon trapping in the Tyrpi region was carried out by 
Ruth Suffolk and a number of short clones were obtained. These were mapped to the 
deletions and later to the physical contig. Only some of these sequences appeared to be 
expressed when analysed by RT-PCR. The requirement of a functional splice site does not 
necessarily conclude that the sequence is expressed as some pseudogenes may still contain 
splice donor and acceptor sites. It has also been shown (Andreadis et al, 1993) that the exon 
trapping assay discriminates against alternatively spliced exons. 
1.12.3 Comparative mapping 
Comparative mapping is a valuable tool in the genetic and molecular characterisation of 
chromosome regions. Information gained from the high resolution genetic linkage map of 
the mouse can be used to predict gene order on human chromosomes in areas where order is 
conserved. Comparative mapping information may also suggest loci as candidate genes for 
disease mapping loci in humans or mutation mapping loci in mice, whichever way around 
the information is obtained. Comparative maps also permit use of the extensive human 
physical mapping data available. Transcripts previously mapped to the human physical 
contigs can be identified and mapped to the homologous mouse chromosomal region. 
Human chromosome 9 contains regions displaying conserved synteny with segments of 
mouse chromosome 4, with the brown deletion region showing homology with human 9p22-
23. Much mapping of human chromosome 9 has been stimulated by the mapping of many 
disease genes to this chromosome (Povey et a!, 1997). The comparative mapping of 50 
human chromosome 9 loci in the laboratory mouse (Pilz et a!, 1995) has facilitated the 
production of a comprehensive comparative map for human chromosome 9 and homologous 










































Figure 1.8 Chromosome 4 syntenic map 
Schematic diagram illustrating genes within the regions sharing conserved synteny on mouse 
chromosome 4 and human chromosome 9. Figure kindly provided by Ian Jackson. 
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Materials and Methods 
2.1 Mice 
All mice were housed in the biology division of Oak Ridge National Laboratory with the 
exception of the Harwell derived lines (TyrpI""1 and Tyrp/ "6211) and the imported deletion 
TyrpIc. These mice were housed at the Biomedical Research Facility at the Western 
General Hospital. Both animal houses are conventional, non-barrier facilities. 
2.1.1 Origin and strains of mice 
The origin and initial molecular characterisation of radiation-and chemical-induced lethal 
Tyrpl (brown) deletion mutations maintained at the Oak ridge national Laboratory is 
described in the introduction. Initially the majority of lethal Tyrpl deletions (designated 
Tyrpi') were typically maintained by crossing +/Tyrpl' mice to +1+ mice, with a testcross in 
each generation of the resultant +/Tyrpl' and +1+ progeny to TrypllTvrpl mice to assure the 
continued presence of Tyrpi' in the stock. Easy maintenance of Tyrpl' mutations was 
achieved by intercrossing Tyrp , ( Bw)/Tyrp j1 heterozygotes. Mice heterozygous for the 
Tyrpl' mutation [white based brown (Hunsicker 1969; Jackson et at 1990; Javerzat and 
Jackson 1998)] are lighter in colour than the TyrpI'/Tyrpl' litter mates allowing rapid 
visual distinction of all three classes of offspring. 
The origin and identification of the Harwell deletions is outlined in the introduction, stocks 
were maintained using both inbred and non-inbred strains The inbred strain used was 
CBA/CA which has wild type, black, agouti coat colour. The non-inbred strain carries the 
original Tyrpi mutation and is brown in colour (Zdarsky et a! 1990). 
2.2 Bacterial cell culture and DNA isolation 
2.2.1 Media and additives 
Media were made by the medium preparation service and was sterilised by autoclaving 
L-Broth and Agar 
lOg tryptone (Difco), 5g yeast extract (Difco), lOg NaCl, 2.46g MgSO 4 (pI-17.2)  in I litre of 
clH 20. L-agar was prepared by adding 15g agar to I litre of broth. MgSO 4 was omitted from 
broth used for growing tetracycline resistant strains as the drug precipitates in the presence 
ot Me ions. 
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CY Agar and CY top agar 
lOg casamino acids, 5g yeast extract, 3g NaCl, 2g KCI (pH7.0) in I litre dH 2O. CY Agar 
was prepared by adding l5g agar to 1 litre of broth. Top CY-agar and top CY-agarose were 
prepared in CY-broth at 0.6% w/v. 
Additives 
Additives added to media when required included: 
Ampicillin (Sigma), dissolved in dH2O, was added to media and agar to give final 
concentration of 50ig/ml. 
Tetracycline (Sigma), dissolved in ethanol, was added to media and agar to give final 
concentration of 50pg/ml. 
Chloramphenicol (Boehringer Mannheim), dissolved in ethanol, was added to media and 
agar to give final concentration of 501g/ml. 
IPTG (isopropyl-3-galactopyranoside, Melford laboratories), dissolved in dH 20 to give a 
stock solution of 200mg/mI. 4tl were spread on the top of each plate required. 
X-GAL (5-Bromo-chloro-indoyl-f3-galactopyranoside. Melford Laboratories), dissolved in 
dimethylformamide to give a stock solution of 20g/ml. 40j.tl were spread on the top of each 
plate required. 
Maltose, dissolved in dH 2O was sterilised by filtration through a .022-micron filter and 
added to media at 0.2% to prepare plating cells for A. phage. Maltose induces the 
bacteriophage lamB gene which codes for the A. receptor and increases the efficiency of cells 
to phage absorption. 
Other solutions 
SM buffer , used to store A. bacteriophage stocks. 5.8g NaCl, 2g MgSO 4.7H20, 50mls 
Tris.HCI (pH7.5), 10mg gelatin. Sterilised by autoclaving. 
Th 10 m Tris.HC1 (pH8.0), 1mM EDTA. 
MgSO4 10 mM stock used for the preparation of plating cells for A. bacteriophage. Sterilised 
by autoclaving. 
2.2.2 Bacterial host strains used. 
XL 1-Blue MRF: (,ncrA) 183, (rncrCB-hsdSMR-mrr)l73, em/Al, supE44, thi-I, recA!, 
gyrA96, re/Al, lac [F' proAB, lac1 ZAMI5, Tn Used as hosts for 
bacteriophage eDNA lihrarie in A./.AP II. 
is 
SOLRTM :  e I 4(mcrA). E(mcrCB-/isdSMR-mrr) 171, sbcC, recB, reci, umuC: : Tn 5(kan r), 
uvrC, lac, gyrA96, relAl, thi-1, endAl, A.', [F' proAB, 1acF ZM15]su(non-
suppressing)(Stratagene). Used for the automatic excision of inserts in XZAP II. 
BNNI02: supE44, hsdR, thi-1, thr-1, leuBô, IacYI, tonA21, /flA150. [chr::TnlO(tet5] 
(Young and Davis, 1983). These cells were used as hosts for bacteriophage cDNA libraries 
in AgtlO. 
ExAss i s tTM :  (Stratagene), genotype not given. This M13 helper phage is required for the in 
vivo excision of the pBluescript sk(-) phagemid from the ?LZAP II vector. It also contains an 
amber mutation that prevents replication of the phage genome in a non-suppressing E.Coli 
strain such as SOLR cells, allowing only the excised phagemid to replicate in the host. 
INVaF' F endA I recA I hsdR 17 (rk ,mk ) supE44 thi- I gvrA96 relA I 0801acZAM15 
A(IacZYA-argF) U169X. These cell were used for TA cloning of PCR products and were 
purchased as One Shot competent cells from Invitrogen. 
2.2.3 Bacterial growth and storage conditions 
All bacteria were grown at 37 °C, liquid media in an orbital shaker at approxi mate] y225 rpm. 
All bacterial plates were stored for up to four weeks at 4 T. Long term storage was in the 
appropriate media containing 25% glycerol at -70 °C. Bacteria were revived from long term 
storage by removing a small scraping with a sterile inoculating loop, streaking onto selective 
media and incubating at 37 °C. 
2.2.4 Plasmid DNA extraction 
Small scale plasmid preparations were carried out using 3 commercially available kits. 
Wizard Mini-prep Kit(Promega) , QIA-prep spin plasmid kit (Qiagen)or Qiagen plasmid 
mini-prep kit were used according to the manufacturers instructions. All three methods 
provided clean DNA suitable for PCR, enzymatic digestion and automated sequencing. 
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2.3 Yeast cell culture and DNA isolation 
2.3.1 Media and additives 
AHC broth and media 
AHC is a rich selective medium which lacks uracil and tryptophan. It was used for selective 
growth of YAC recombinants prior to the isolation of YAC DNA and the production of 
plugs. 
1.7g yeast nitrogen base (without amino acids and ammonium sulphate)(Difco), 5g 
ammonium sulphate and lOg casein hydrolysate (low salt) were added to I litre distilled 
water and the pH adjusted to 5.8. 17-20g of Bacto agar (Difco) were added to each litre of 
broth to make AHC agar. After sterilisation by autoclaving and cooling, 50mls filter 
sterilised 40% glucose and lOmIs of 2mg/mI adenine sulphate were added to the broth or 
agar. 
YPD broth and agar 
YPD medium was used for growing yeast cultures. 
20g bactotryptone (Difco), 5g yeast extract (Difco) and 5g sodium chloride were added to 
ILitre distilled water. After by autoclaving and cooling, 50mls filter sterilised 40% glucose 
was added to broth or agar, 
2.3.2 Yeast growth and storage conditions 
Yeast containing artificial chromosomes were grown at 30 °C on the appropriate solid or 
liquid media. Yeast containing plates were kept at 4°C for up to 4 weeks. For long term 
storage a small volume of overnight liquid culture with glycerol added to give a final 
concentration of 15% was stored at -70 °C. 
2.3.3 Yeast DNA isolation 
Two methods were used for the isolation of yeast DNA. Small scale preparations were 
performed using the Wizard Genomic DNA purification Kit (Promega) following 
manufacturers protocol for (Saccharorn)'ces cerevisiae) DNA isolation. For larger scale 
preparations a method adapted from Gustincich eta! (199 1) was used. 
50m1 yeast cultures were grown to saturation and the cells collected by centrifugation at 
3000rpm in a Sorval RT6000B refrigerated centrifuge. The cells were washed twice in 
]On- is TE (10mM Tris HCL pH8.0; 1mM EDTA) and resuspended in 3mls of zymolyase 
buffer (IM sorbitol, 0.lMcitrate pH7. 0.06M EDTA, 0.1mM B-mercaptoethanol (sigma). 
2mg/mi zymolyase [ICN Biomedicals Inc.]). Following a 1 hour incubation at 37 °C the cells 
were lysed with 6mls of lysis buffer, 
(8% dodecyltrimethylammonium bromide [DTAB, Sigma], I.5M NaCl, 100mM Tris pH8.6, 
50 mM EDTA) at 68°C for 20 minutes. The spheroplast suspension was then divided into 
two 4.5ml volumes and treated identically. An equal volume of chloroform was added, the 
phases mixed and then centrifuged at lOxg for 10 minutes. 3.75 mIs of the upper aqueous 
phase was transferred to a new tube containing 4.5mls dH20 and 251.il of 10mg/mi RNA-ase 
A (Boehringer Mannheim) and incubated at 68 °C for 30 minutes. 500j.ils of 
hexadecyltrimethylammonium bromide (CTAB, Sigma), from a 5% stock in 0.4M NaCl, 
was added and mixed thoroughly. After two minutes centrifugation at 10,000rpm, the 
supernatant was removed and the DNA-CTAB pellet resuspended in I .Smls of 1.2M NaCl. 
3.75 mIs of ethanol was added and mixed before centrifugation at 10Kg for 10 minutes, the 
pellet was then rinsed twice with 70% ethanol before re-suspension in 30041 TE at 55 °C for 
10 minutes. 
2.3.4 Preparation of yeast DNA agarose plugs 
The following method for the extraction of intact yeast chromosomes, including yeast 
artificial chromosomes (YACs), from cells was adapted from Maule (1994). 
A lOOmis culture was grown from a single colony in AHC medium to select for URA and 
TRP in the YAC at 30°C for 48 hours or until the cells reached approximately 108  cells/mi. 
The culture was chilled on ice for 15 minutes prior to centrifugation at 4,000 rpm in a 
Sorvall RT6000B refrigerated centrifuge for 10 minutes. The supernatant was discarded and 
the cell pellet washed twice in SOmis chilled 50mM EDTA,pH7.5. After washing, the cell 
pellet was resuspended in 3mls 50 mM EDTA,pH7.5 and warmed to 37 °C. Cell walls were 
disrupted by the addition of I .2mls freshly prepared cell wall digestion solution (2mls SCE, 
pH8.0 [IM sorbitol; 0.IM sodium citrate; 60Mm EDTA]; lOOul B-mercaptoethanol; 2mg/mi 
zymolyase). ômls of 1% low melting point agarose (Gibco BRL) in 0. 125M EDTA, pH7.5, 
at 50°C was then added. After mixing thoroughly, lOOul aliquots of the solution were 
quickly dispensed into plug moulds and left to cool. Once set the plugs were ejected into 
25m1s ETM solution (0.45M EDTA; 10mM Tris.HCI, pH8.0; 7.5% B-mercaptoethanol) and 
incubated at 37 °C for 24 hours. The ETM solution was replaced with 20mls of 1% NDS 
solution (0.45M EDTA; 10mM Tris.HCI, pH9.0; l%SDS) containing proteinase K 
(Boehringer Mannheim) at 1mg/mi, and the plugs incubated at 55 °C for 24 hours. This step 
was repeated with fresh l%NDA solution. The plugs were then stored in 0.5M EDTA at 
4C 
2.3.5 YAC library screening 
To isolate YACs the Genethon Mouse YAC screening service was used. tThis service uses a 
PCR-based assay to screen three major libraries: the ICRF YAC library (Larin et al, 1991), 
the St. Mary's Hospital Library (Chartier el a!, 1992) and the Research Genetics Library 
(Kusumi et al, 1993). 
1mM of each primer was lyophilised and sent to Genethon to screen the above three 
libraries. All positive clones were returned as agar stabs which were then plated out onto 
AHC plates and grown at 30°C for 48 hours. Several single colonies were picked from each 
plate and resuspended in dH 2O, lysed at 100°C for 10 minutes. The lysates were then PCR-
screened (section 2.12) for the presence of the marker with which the YAC had been 
isolated. 
2.4 DNA isolation from murine tissues 
2.4.1 DNA extraction from tail biopsies 
Freshly obtained or previously frozen tail tips. 1-2cm in length, were placed in 1.5mls of tail 
buffer (50mM Tris.HC1 pH8.0; 100mM EDTA; 100Mm NaCl; 1% SDS; 100ug/ml 
proteinase K) and incubated overnight at 55°C. The tubes were briefly vortexed and divided 
equally into two tubes, one stored at -20 °C as a reserve, the other used for DNA preparation. 
After centrifugation at 13,000 rpm in Sorvall Microspin 12 microcentrifuge for 15 minutes 
the supernatant was transferred to a fresh tube and 0.75rnl of ethanol added to precipitate the 
DNA. The tubes were inverted several times before the DNA was scooped out using a 
disposable yellow tip, dipped in 70% ethanol to wash and dissolved in 200111 TE overnight. 
2.4.2 DNA extraction from embryos 
DNA was extracted from either the extra embryonic membrane or a small portion of the 
embryo (usually a single limb) using the method described for tail tips, except that the entire 
tissue was used for extraction and none frozen. 
2.4.3 Phenol/ Chloroform extraction of isolated murine DNA 
DNA isolated using the method described (2.4.1-2.4.2.) was sometimes resistant to digestion 
with restriction enzymes and therefore further purified by phenol/ chloroform extraction. An 
equal volume of phenol was added to the tube and mixed, followed by centrifugation at 
13,000 rpm for 10 minutes in a microcentrifuge The upper aqueous layer was removed and 
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the process repeated, first with phenol : chloroform 1:1, then with a 24:1 solution of 
chloroform: isoamyl alcohol. The DNA was then precipitated by adding two and a half 
volumes of ice cold ethanol and mixing thoroughly. The DNA was then spooled out and 
resuspended as before. 
2.5 Isolation of RNA from mu rifle tissues 
RNA isolation and manipulation was carried out using RNAse free solutions, glass and 
plastic ware. Solutions. This was achieved by treating solutions and tubes with Diethyl 
pyrocarbonate (DEPC, Sigma), which is a strong RNase inhibitor, and then autoclaved to 
destroy the DEPC. Glassware was rinsed with chloroform, ethanol and then DEPC treated 
dH20. Isolation of total RNA was performed by using either of two methods described 
below. 
2.5.1 Isolation of total RNA using RNAzoI 
Total RNA was isolated from murine tissues using the commercially available reagent 
RNAzol B (Biogenesis). The extraction was performed by firstly homogenising previously 
frozen tissue in an Eppendorf tube containing 200i.il of RNAzol, adding up to 300j.tl more 
RNAzol, depending on the size of the tissue. 10% v/v chloroform was then added, the 
solution vortexed and placed on ice for 5 minutes before centrifuging at 13000 rpm at 4 °C 
for 15 minutes. The aqueous layer was then removed to a fresh tube and an equal volume of 
isopropanol added and mixed. This was then chilled on ice for 15 minutes before pelleting at 
13000 rpm at room temperature. The pellet was washed with 70% ethanol and briefly dried 
on ice before re-suspension in 200111 DNase I buffer (20mM Tris.HCI pH8.0, 10mM MgCl2) 
and lj.il DNase I. After incubation at room temperature for lhr the RNA was phenol 
chloroform extracted, chloroform extracted and ethanol precipitated as in section 2.4.3. The 
RNA was pelleted by centrifugation at 13000 rpm in a microcentrifuge for 15 minutes, 
washed with 70% ethanol and finally resuspended in 30-50p] of DEPC treated H 2 0. 
2.5.2 Isolation of total RNA using a Cs/Cl cushion method 
For Northern blot applications a higher quality of RNA that was obtained with RNAzoI was 
required and an alternative method was used. Tissue previously snap frozen in liquid 
nitrogen was rapidly homogenised in 30mls of 4M guanidium isothiocynate (GITC), 25mM 
aOAc. I 	3-mercaptoethanol. using a Polytron mechanical homogeniser. Before each 
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sample was homogenised the rotor head was flushed with dH20 then in a separate volume of 
the homogenising solution. After homogenising the rotor was washed with the same dH 20. 
Homogenates were gently laid over 8mls of 5.7M CsCI, 25mM NaOAc in Sorval SW28 
ultracentifuge tubes. The tubes were then centrifuged for a minimum of 22hrs at 28,000g at 
20°C in the swing buckets of a SW28 rotor. 
The resulting supernatant was removed with caution and the tube inverted. The concave 
bottom of the tube was then cut off using a flamed blade whilst the tube was held upturned 
to drain remaining supernatant. The visible RNA pellet was re-suspended in a total of 2mls 
of DEPC treated H 20 and transferred to a snap top lOmi tube. 2mls of 3M NaAc and 4mls of 
absolute ethanol were added and the RNA was cold precipitated and collected by 
centrifuging at 13,000rpm for 20 min in a microcentrifuge. After washing with 70% ethanol 
and air drying the RNA was re-suspended in DEPC treated H 20. 
2.6 Enzymatic manipulation of DNA 
2.6.1 Restriction enzyme digestion of genomic DNA 
Digestion of DNA with restriction endonucleases (Boehringer Mannheim) was carried out in 
the appropriate buffer (supplied by the manufacturer), at the recommended temperature. 
Commonly, 6j.tg of DNA was digested in 60u1, with 5 units of restriction enzyme overnight. 
If two different enzymes were used that required the same buffer conditions the digests were 
carried out simultaneously. Otherwise, digestion with the enzyme requiring the lower salt 
buffer concentration was carried out first. The salt concentration was then adjusted by 
addition of NaCl solution and the second digest carried out. When necessary, reactions were 
terminated by heating to 68 °C or 80°C for 15 minutes depending on the heat sensitivity of 
the particular enzyme. Restriction digests which were to be run on gels were terminated by 
the addition of 1110th  of their volume of stop mix' (100mM EDTA, pH8.0; 20% Ficoll plus 
orange G to colour). 
2.7 DNA electrophoresis 
2.7.1 DNA Electrophoresis solutions 
20X TBF 
IM 'Uris. HCI, pH): 20mM EL)TA I NI Ioii iuid . p118-3.  
2OXTAI-
O.8N4 Tri'.H('I. pHk.(L 2i)iii1 1-lYF.A: O-l\I icciic cid. 
lOX DNA Loading Buffer 
20% Ficoll; 100mM EDTA; orange G. 
6% Denaturing Polyaci'lamide 
60 mIs of 6% polyacrylamide (Biolabs ) was used for each get with the addition of 75ul of 
N,N,N,N'-tetramethylethylenediamine (TEMED) (Sigma) and 0.5m1 of freshly prepared 
10% ammonium persuiphate. 
2.7.2 Agarose gel electrophoresis of DNA 
DNA molecules were separated, according to size, in horizontal agarose gels by 
electrophoresis. The percentage of agarose (routine electrophoresis grade, Flowgen) in the 
gel varied according to the range of size separation required. Restricted genomic DNA was 
run on large 0.8% agarose gels. Smaller DNA fragments, such as PCR products were run on 
25ml mini-gels with 1-2% agarose. Fragments smaller than 200bp were run on 4% Nusieve 
or Nusieve GTG (FMC Bioproducts) agarose gels. All agarose gels were made from and run 
in IX TBE or 1X TAE if the DNA was to be extracted from the gel or blotted. Ethidium 
bromide was added to all agarose gels at a concentration of lug/ml to visualise the DNA. 
Before loading all samples had 1/10 of the volume of lox loading buffer added. DNA 
fragments were visualised on a UV transiluminator at 305nm and were photographed using a 
video copy processor (Mitsubishi). 
HindIII OXHaeIII 1kb ladder 
23.130 1.353 10.0 
9.416 1.078 8.0 
6.557 0.872 6.0 
4.361 0.603 5.0 
2.322 0.310 4.0 
2.027 0.281 3.0 
0.564 0.271 2.5 






Table 2.1 size markers used in Agarose gel electrophoresis of DNA 
The size markers used were either X DNA digested with Hindill (Gibco BAL), 4X174 digested 
with Haelll (Promega) or 1Kb ladder (Promega). The sizes of the markers are given below in 
Kilobases. 
2.7.3 Purification of DNA from agarose. 
DNA fragments were run in low melting point agarose (Ultrapure LMP agarose, Gibco 
BRL) in IX TAE. Using a UV transilluminator to visualise the DNA the required 
fragment(s) were rapidly excised with the minimum amount of agarose using a sterile 
scalpel blade. DNA was then isolated from the agarose block using the QIA-quick gel 
extraction kit (Qiagen) according to the manufacturers instructions. DNA fragments to be 
used as hybridisation probes were run on a I% LMP gel in TAE and the required fragment 
excised and weighed. After the addition of 3volumes of dH 2O the mixture was boiled for 3 
minutes and dispensed into 20.tl aliquots. Each aliquot was stored at -20 °C and used directly 
in labelling reactions. 
2.7.4 Pulse field gel electrophoresis (PFGE) 
For PFGE of YAC DNA Agarose plugs were washed once in TE and equilibrated in running 
buffer (0.5 X TBE) over a minimum of three hours. A 1% agarose gel made with 0.5 X TBE 
was prepared and the plugs inserted into the wells. The wells were then sealed with 1% 
agarose and the gel run in pre-cooled 0.5 X TBE at 12 °C. For PFGE of BAC DNA the 
restriction digests were loaded directly into the wells. Gels were run using the Chef-DR II 
pulse field tank and control module (Bio Rad). Run times and conditions were varied 
depending on the size resolution required. After PFGE the gel was stained in running buffer 
containing Sug/ml of ethidium bromide for 30min to allow visualisation of the DNA 
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YP148 PFG marker I PFG marker II 
chr. No. Size (Kb) Step Size (Kb) Step Size (Kb) 
XII 2500 18 291.0 II 267.0 
IV 1500 17 276.0 Ii 266.5 
XV 1125 16 257.5 10 242.5 
VII (prox.) 1035 15 242.5 9 218.5 
XVI 1000 14 227.5 9 218.0 
XIII 940 13 209.0 8 194.0 
II 829 12 194.0 7 170.0 
XIV 791 11 179.0 7 169.5 
X 752 lO 160.5 6 145.5 
XI 681 9 145.5 5 121.5 
V 598 8 130.5 5 121.0 
VIII 550 7 112.0 4 97.0 
IX 441 6 97.0 3 73.0 
III 351 5 82.0 3 72.5 
VI 276 4 63.5 2 48.5 
I 213 3 48.5 1 24.5 
VII (dist.) 90 2 33.5 1 24.0 
1 15.0  
Table 2.2 Size markers used in PFGE 
Size markers used included the commercially prepared MidRange PFG Markers (New 
England Biolabs) or a DNA preparation from the yeast strain YP148. This strain is derived 
from radiation treated cells to obtain the chromosomal sizes given. 
2.7.5 Polyacrylamide gel electrophoresis 
Denaturing polyacrylamide gels were used to visualise DNA sequencing reactions. The 
glass plates were prepared by washing thoroughly with detergent and rinsing with water then 
100% ethanol One plate was coated in dimethyldichlorosilane solution and both plates left 
to dry. Spares were placed on either side of the back plate and the two plates held together 
by bulldog clips placed at regular intervals down the sides. Freshly prepared polyacrylamide 
was poured between the plates and a comb inserted at the top edge. The gel was allowed to 
set for 1 hour at room temperature before use. Gels were run in I X TBE on vertical slab gel 
apparatus (Gibco BRL) at 55 volts for 3-5 hours, depending on required run length. 
After electrophoresis the apparatus was dis-assembled and the gel transferred onto 3MM 
whatman paper, covered in Saran wrap (Dow Chemical Company) and dried at 80 °C on a 
Drygel Slab Gel Dryer (Hoefer) before exposure to film. 
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2.8 Electrophoresis of RNA 
2.8.1 RNA electrophoresis solutions 
10 X MOPS buffer 
0.2M MOPS (3-[N-Morpholiono]Propane-Sulfonic  acid, Sigma); 50mM NaOAc; 10mM 
EDTA, pH7.0. Treated with 0.1% DEPC (Diethyl Pyrocarbonate. Sigma) overnight before 
autoclaving. 
Formamide denaturing buffer 
Prepared fresh each time by the addition of; 12.51.tl deionized formamide; 2.5p.1 10  MOPS 
buffer; 41.tl  37% formaldehyde to 6pJ RNA sample. 
10 X Glycerol loading dye 
50% glycerol; Imivi EDTA; 0.25% Bromophenol blue; 0.25% Xytene cyanol. Treated with 
0.1 % DEPC overnight and autoclaved. 
RNA size marker 
RNA Molecular Weight Marker II (Boehringer Manneheim) was used with bands at; 6948. 
4742, 2661, 21821 and 1517 bases. 
2.8.2 RNA agarose gel preparation 
Standard lOOmI gels were prepared by boiling 1-1.5g Seakem agarose (Fluka) in lOmls lox 
MOPS buffer with 73m1s dH 2O. When dissolved completely and cooled to 50 °C l7mls of 
37% formaldehyde was added and the gel poured immediately. Samples were denatured at 
65 °C for 5 minutes in denaturing buffer, chilled on ice and 1/10 volume of glycerol loading 
dye added before loading into wells. Gels were pre-run for 10 minutes and the wells flushed 
out prior to loading samples. 
All gels were run in IX MOPS buffer. Ethidium bromide (EtBr) was added directly to 
samples to visualise the RNA, most of which was removed by cutting the visible EtBr from 
the front of the gel after running for 30 mm. Before loading all samples had 1/10 of the 
volume of lOX loading buffer added. DNA fragments were visualised on a UV 
transilluminator at 305nm and were photographed using a video copy processor 
(Mitsubishi). 
2.9 Transfer of nucleic acids to membranes 
2.9.1 Southern transfer protocol 
DNA which had been run on TAE agarose gels was transferred onto nylon membranes by 
capillary blotting using a method adapted from Southern (1975). Gels were photographed 
with a ruler adjacent to the marker lane to allow sizing of DNA fragments. An additional 
step was included when blotting pulsed field gels. To aid the transfer of the large yeast 
chromosomes and YACs, the gels were UV irradiated on a transilluminator at 305nm for 5 
minutes. DNA was then denatured by gentle shaking of the gel in denaturing solution (0.5M 
NaOH; 1.5M NaCI) for 45 minutes. The gel was then rinsed twice with dH 2O before being 
neutralised by gentle shaking in neutralisation solution (IM Tris.HCI; 2M NaCl, pH5.5) for 
45 minutes. A large strip of 3MM filter paper (Whatman) was soaked in 20 X SSC (3M 
NaCl; 0.3M Na 1C6H 507 .2H20, pH7) and placed on a perspex board. The end of the paper 
were placed into a reservoir of 20 X SSC, generating a wick. The gel was placed on top of 
the wick and a piece of nylon membrane (Hybond-N, Amersham), which had been cut to the 
exact size of the gel was directly onto the gel, avoiding the trapping of bubbles. On top of 
the membrane was placed two pieces of 3MM blotting paper, pre-wetted in 2 X SSC. Any 
exposed wick was covered in Saran wrap (Dow Chemical Company) and a stack of paper 
towels placed directly above the gel followed by an even weight of approximately 1 Kg. 
The length of blotting time varied according to the size of fragments wanted to be 
transferred. Pulsed field gels were blotted for two days, genomic digests overnight and small 
PCR fragments for a minimum of 4 hours. Membranes were then rinsed briefly in 2 X SSC 
and dried for a maximum of 1 hour. DNA was bound to the membrane by exposing the filter 
to 1200.tJoules of UV radiation by a UV stratalinker (Stratagene). Nylon membranes were 
stored in saran wrap at room temperature. 
2.9.2 Northern Transfer protocol 
After electrophoresis of RNA in the denaturing system described (2.8.2) a capillary blot was 
set up exactly as for Southern transfer. The only alterations to the protocol are that the 
blotting buffer is previously treated with DEPC and the filter is not rinsed after blotting. 
2.9.3 Transfer of X plaque DNA to nitro-cellulose membranes 
After incubation of phage plates at 37 0C overnight the plates were chilled for at least one 
hour at 4°C before transfer to nitro-cellulose filters. The first filter is placed on for 30 
seconds and three asymmetrical holes made through the filter and agar allowing orientation 
with both the second filter (which is placed on plate for three minutes) and plate. Each filter 
is denatured for 45 seconds and neutralised for 2 X 2 minutes by being placed DNA side 
uppermost on 3MM paper soaked in the relevant solution. The filters were then rinsed with 
2 X SSC and dried at room temperature for 1 hour before being baked in a vacuum at 80 °C 
for 1 hour to fix the DNA to the filter. 
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2.10 Radiolabelling of DNA 
2.10.1 Random priming of DNA probes 
Probes were labelled with [ 32P]dCTP by random priming from hexadeoxyribonucleotides 
with the Klenow fragment of E.Coli DNA polymerase I (Feinberg and Vogelstein, 1983, 
1984). 
25-50ng DNA (either in the form of a gel slice or in solution) in a volume of 20tl was 
denatured by boiling at 100°C for 5 minutes. DNA in solution was cooled rapidly on ice. 
DNA in agarose was cooled in a 37 °C water bath. Probes were then labelled using a Random 
Prime DNA labelling kit (Boehringer Mannheim). Added to the denatured probe were; 3pJ 
10 X reaction buffer; ipi each of dATP dGTP dTTP (0.5mM); lul of Kienow fragment and 
3tl of [ 32P]dCTP. After incubation at 37 °C for 45 minutes the reaction was stopped by the 
addition of 400il of TE and un-incorporated nucleotides were removed by running the 
sample through a Nick Column (Pharmacia) exactly according to manufacturers instructions. 
After elution of the probe in 400t1 TE it was denatured at 100 °C for 10 minutes then chilled 
on ice to prevent re-annealing before being added to the hybridisation solution. 
2.10.2 Pre-annealing of repetitive sequences 
Probes which were thought to contain repetitive sequences were annealed with repeat 
containing DNA in order to prevent the repetitive element of the probe taking part in the 
hybridisation reaction. This procedure was adapted from Sealey et a! (1985). 
After the probe was labelled and purified on a Nick column 1mg of sonicated total mouse 
DNA was added and the mixture incubated at 100 °C for 10 minutes. The probe mix was 
then incubated in a pre-warmed lead pot at 65 °C for a minimum of 30 minutes before adding 
to the hybridisation solution. 
2.10.3 End labelling of DNA oligonucleotides 
Oligonucleotides were labelled by the transfer of the 32P-labelled y phosphate from [ 2P] 
yATP onto the terminal 5'-OH group. 30ng of oligonucleotide was labelled in a 20.tl volume 
which contained IX Polynucleotide kinase buffer (5mM Tris.HCI, pH8, 1mM MgCl 2 , 
0.5mM DTT), 10 units of Polynucleotide kinase (Boehringer Mannheim) and 30j.iCi of 
[ 32P]y ATP (Amersham). Reaction were incubated at 37 °C for 30-40 minutes and were then 
added to the hybridisation mix. 
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2.11 Hybridisation protocols 
2.11.1 Hybridisation solutions 
Standard DNA Hybridisation solution 
6 X SSC (3M NaCl; 0.3M Na 3C6H 507 .2H20, pH7), 10% dextran sulphate; 0.1%sodium 
pyrophoshate; 0.5% N-Lauroylsarcosine sodium salt (SLS), 4 X Denhardts solution. (50X 
Denhardts solution: 2% BSA; 2% polyvinylpyrrolidone: 2% ficoll; 1mM EDTA). 
Oligonucleotide hybridisation solution 
5 X SSC, 0.05% BSA. 0.05% ficoll, 0.1% sodium dodecyl sulphate, 0.05% 
poly vinylpyrrolidone, 0.1% sodium pyrophosphate. 
RNA blot Hybridisation solution 
5 X SSC, 5 X Denhardts solution, 0.5% Sodium Dodecyl sulphate, 50% deionized 
formam ide. 
2.11.2 Hybridisation protocols 
When an end-labelled oligonucleotide was used, the Pre-hybridisation of membranes was 
carried out in oligo hybridisation solution at 48 °C for at least 1 hour. Hybridisation of the 
probe was then carried out for not less than 4 hours. For random primed probes, pre-
hybridisation of membranes was carried out in the relevant DNA or RNA hybridisation 
solution with the addition of 100 p.glml of sonicated salmon sperm. RNA and DNA 
containing membranes were pre-hybridised at 42 °C or 65 °C respectively for a minimum of 4 
hours, subsequently the filters were incubated overnight with the probe. All pre-
hybridisation and hybridisations were carried out in bottles in a Hybaid hybridisation oven 
on a rotating spindle. 
2.11.3 Post Hybridisation washing protocols 
After the appropriate length of time with an end-labelled oligo probe filters were removed 
from the hybridisation bottles and given three 10 minute washes at room temperature with 4 
X SSC, 0.1% SDS. 
Filters hybridised with random primed probes were first washed in their hybridisation 
bottles with 2 X SSC, 0.1% SDS for 10 minutes at room temperature. Filters were then 
removed from the bottles and washed with increasing stringency with 1 X SSC, 0.1% SDS 
and finally in 0.1 X SSC, 0.1% SDS at approximately 60°C. 
2.11.4 Detection of hybridisation signal 
Washed filters were exposed to a phosphor screen (Molecular Dynamics), for a period 
ranging from a few hours to several days, depending on the strength of the signal. The 
screen was then scanned on a phophorimager (Molecular Dynamics), where a laser beam 
converts the radioactive signal into a digital image, with variations in the pixel value 
proportional to the amount of radioactive signal present. The grey-scale image was adjusted 
to maximal effect and the image printed out on a laser printer (Hewlett and Packard). 
Alternatively, for the detection of signal from a ? library screen autoradiograpghy was used 
to allow the physical alignment of signal on duplicated filters. The filters were placed in a 
light tight autoradiography cassette with a signal enhancing screen and exposed to X-OMAT 
X-ray film (Kodak) at -70 °C. Films were exposed for a length of time dependant on signal 
intensity, in between 1 hour ands I week. Stratagene Glogos II luminescent markers were 
used for alignment and the film developed on an automatic x-ray film processor RGII (Fuji). 
2.11.5 Removal of radioactive probes from membranes 
Southern blots on nylon membranes were often used several times by removing the 
radioactive probes between use. A solution of 0.1% SDS solution was prepared and boiled 
then poured directly onto the membrane. This was then allowed to cool to room temperature 
before storing the filter in Saran Wrap. 
2.12 Amplification of DNA by PCR 
The polymerase chain reaction (PCR) (Saiki et al., 1985; Mullis and Faloona, 1987) 
involves the enzymatic amplification of a specific DNA sequence. The specificity is 
provided by oligonucleotide primers complementary to the 5' ends of the two strands of the 
sequence to be amplified. These primers anneal to the template DNA strand and direct 
amplification by a thermostable polymerase. The PCR reaction is a series of cycles, each 
consisting of three steps, firstly a short high temperature step to denature the template (92-
94°C). This is followed by a reduction in temperature to allow the primers to anneal to the 
template and is dependant on the specific oligonucleotide pair used and finally the 
temperature is increased to 72 °C to permit extension from the primers by the polymerase. 
Multiple cycle of these three steps result in exponentii1 amplification of the desired DNA 
iragnie,i 
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2.12.1 PCR conditions 
Commonly I OOng of template genomic DNA, I Ong BAC template DNA or I ng plasmid 
template DNA was amplified in a 501.11 total volume, with 0.2j.1l (I unit) Amplitaq (Perkin 
Elmer Cetus), 5p1 10 X Amplitaq reaction buffer (supplied by manufacturer), 1.5mM 
MgCl2, 2001.IM each dNTP (Applied Biotechnologies) and bOng of each primer. The 
reactions were overlaid with mineral oil (Sigma). 
PCR programmes were run on a Hybaid Omnigene thermal cycler. The basic programme 
was 30 cycles of three different steps: 
Denaturation: 3 minutes in the first cycle and 30 seconds for each subsequent cycle at 92-
94°C. 
Annealing: The annealing temperature is critical for success of the PCR and is dependant 
on the structure of the primers. The annealing temperature used was always at least 5 °C 
lower than the melting temperature (T) of the primer in the reaction with the lower T fl) . 
Melting temperatures were determined using the equation: 
Tm at I M Na concentration = 4(G+C) + 2(A+T) 
In a number of cases the annealing temperature was modified to optimise the amplification. 
If, at first, no product was detected the annealing temperate was dropped by 2 °C until the 
reaction was successful. Where non-specific amplification occurred, the annealing 
temperature was raised by 2 °C until only the specific product was amplified. 
Extension: The length of extension at 72 °C was adjusted according to the length of the 
required product. Generally 1 minute of extension time was given for each kilobase of 
product required. 
2.12.2 Primer design 
When primers were designed from sequence information they were designed 'by eye' 
without the aid of a primer design programme. Most primers designed were between 18 and 
25 nucleotides in length, with a Tm between 50 and 65 °C. The primer sequence, conditions 
Of amplification, size of amplified fragment and the source of sequence information is given 
in table 2.3. 
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2.12.3 Oligonucleotide synthesis 
Most of the oligonucleotides used were made to order by Genosys and supplied as a given 
quantity lyophilised. In which case they were dissolved in an appropriate volume of TE to 
give a stock solution of I mg/ml which was stored at -20 °C. 
Some oligonucleotides were synthesised 'in house' on an Applied Biosystems 381A and 
supplied as ammonium hydroxide solutions. Oligonucleotides were precipitated by the 
addition of 1110th  volume 3M sodium acetate and 2.5 volumes ethanol, followed by 1 hour 
incubation at -20 °C. They were then pelleted by a 15 minute centrifugation at 1300 rpm. 
washed twice with 70% ethanol and air dried. The pellet was resuspended in TE. The 
concentration of the ol igonucleot ides were determined by measurement of the optical 
density, where the absorbance at 260nm (ABS 2)) = 1 at 25j.ig/ml single stranded DNA. 
LOCUS NUMBER PRIMER SEQUENCE Anneal SIZE REFERENCE 
Temp (BP)  
D4Jkn5 T6231 5' CAC GCA CAG AGC CTA CCA TGC 3' 55 °c 220 THIS THESIS 
T6232 5' TCG AGO ACT CTC GCA CTC CC 3'  
D4Jkn6 J478 5' CCC TGC YITA TAC AAG GTG AGG 3' 55°c 207 THIS THESIS 
K382 5' CAA GCC AAT AAA CTG CCT CCC 3'  
D4Mit 115 Al 15 5' AAT CCC CTA ATG COG AAG AC 3' 55°C 162 MIT DATABASE 
B 11 5'TAC TGT GGC TCA CCC CGT 3'  
D4MIt 174 1-174 5' GAACCACATGGY['GTCYTTFCA 3' 55°C 132 MIT DATABASE 
R174 5' GTGA1TGATACAGGCTGYITFCC 3'  
D4Rck9 D553 5' CTT TCT CYT CiT YTT CAT CC 3' 55°C Bell, 1994 
D554 5' GTA CAC AGA CCC GTT AAC CC 3'  
Gapdh P108 5' ACC ACA GTC CAT CCC ATC AC 3' 55°C 430 GenBank acc. 
P109 5' TCC ACC ACC CTG ITO CTG TA 3'  M32599 
I(4)2Rn M983 5' CTC GAG 1TA AAA CTC TCT CCA CCC 3' 55°C 396 THIS THESIS 
candidate N43 5' GGA CAG CCC TGC TFC CAA CAT TCT C 3'  
MCIR M539 5' AATGTCCTGGYI'OTGATAGCC3' 55°C 400 GIFT (P. BUDD) 
M540 5' CTG AAC ATC CÁO ATG CCC 3'  
Muppi N192 5' GTG CTG ATG CTA CCC TGT GTIT CCC 3' 550C 320 THIS THESIS 
3'UTR N193 5'CCC CAT CTC1TFCCCTCAGTCT3'  
MUPPI N35 5' CCC TOT AAA CAT CCA AGA CTA TOG CC 3' 55 0c 391 THIS THESIS 
ORE N36 5' CCA GAA ACT COG GGA OTO AAA CAT 3'  
I' RACE 1 0 N37 5' CCC 1TA CTG CAC CTA GCG AAC ACTT 3' 60°C THIS THESIS 
nested N551 5' GGC AGO TGG CAG OCT CAG AAG CAA AGA 3' 60°C _______ _____________ 
RACE 1° Q145 5' GTC GTA CTA CAT GOT TCC AC 3' 60°C THIS THESIS 
nested Q146 5' TAA OTO AGC TGA GGT CCC CA 3' 60°C 
Table 2.3 Primer sequences and references 
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2.12.4 PCR from yeast and bacterial colonies 
This method was adapted from Taylor (1991) to identify PCR positive YACs or plasmids 
directly from yeast or bacterial colonies. 
The colony was picked with a sterile wooden toothpick, 'wiggled' in 50il dH20 and re-
streaked onto a fresh appropriate plate. The colony water was then heated for 10 minutes at 
95°C cooled rapidly on ice for 5 minutes before being centrifuged at 13,000 rpm for 5 
minutes in a Sorvall microspin 12 microcentrigiige to collect cell debris. 51.t1  of the 
supernatant were used in each 25pJ PCR reaction, which was set up as described in section 
2.10.1. 
2.12.5 Inverse PCR 
This method was adapted from Arveiler and Porteous (1991). 
To isolate DNA fragments from the end of YAC inserts 2pg of total yeast DNA was 
digested individually with several different restriction enzymes in a total volume of 20 pi. 
The digestion products were purified using Geneclean (Bio 101), resuspended in 20pJ of 
dH 2O and ligated under dilute conditions to generate monomeric circles. Ligation reactions 
were carried out in a 10j.tl volume, which contained 0.Iunit of T4 DNA Ligase (Boehringer 
Mannheim), lp.l cleaned digested DNA and 11.11  of 10 X Ligase buffer, final concentrations; 
50mM Tris.HCI, pH7.4; 10mM MgCl2 ; 10mM DTT; 1mM spermidine; 1mM ATP; 
100.tg/ml BSA. The reaction was incubated overnight at 16 °C. The enzyme was then heat 
inactivated by incubation at 68 °C for 20 minutes. I!.tl  of this ligation reaction was used in a 
50il PCR as described in 2.10.1. PCR products from inverse PCR reactions were run on a 
1% TAE agarose gel and blotted as described in section 2.7.1. Filters were probed with 
vector internal oligonucleotides (table 2.10.4) to verify which inverse PCR products were 
derived from YAC inserts and which had arisen from non-specific amplification. When one 
or more band hybridised to the oligonucleotide probe the PCR reaction was then run on a 
I % LMP gel and the largest positive band excised for use as an end fragment probe. 
2.12.6 Reverse-Transcription PCR 
Reverse-Transcription PCR was carried out on a number of RNA samples in order to 
determine the expression patterns of a number of identified transcripts. Reverse transcription 
was carried out in a 20pi reaction volume containing lj.tg total RNA, 40 units AMV reverse 
transcriptase (Boehringer Mannheim), 25 units RNase inhibitor (Boehringer Mannheim), 
I OOng random hexamer oligonucleotides. 20mM each of dATP, dCTP, dGTP, dTTP, 50mM 
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Tris.HCI, 40mM MgCl 2, 150mM KCI, 5mM dithioreithol; pH8.5. For each RNA sample a 
negative control was also set up including every reagent except AMV RT and RNase 
inhibitor to confirm that the amplified product has arisen from RNA rather than 
contaminating DNA. RT reactions were incubated at 42 °C for 1 hour followed by 10 
minutes at 65°C to heat inactivate the enzyme. 
For the subsequent PCR 8tl of a 10 X reaction buffer (500mM KCI, 100mM Tris.HCI, 
pH9.0, 15mM MgCl 2, 0.1% gelatine, 1% Triton X-100 [Sigma] ) was added along with 2 
units of Amplitaq and 200ng of each primer and dH 2O to a volume of 80j.tl. The PCR was 
then carried out as described in section 2.10.1. 
2.13 Isolation of cDNA clones from A. phage libraries 
2.13.1 Xphage cDNA libraries. 
A commercially available A. cDNA library was screened, a Lambda gtIO 5' stretch cDNA 
library prepared from adult female C57 Black B6 mouse brain (Clontech). Also screened 
were two other libraries, one prepared from adult male mouse brain, cloned into lambda 
Uni-Zap (Kerr at a! 1994) and was a gift from S.J. McKay. The other was prepared from an 
e8.5 whole embryo (Mus musculus ?)and cloned into k200 I, this was a gift from Bob Hill. 
2.13.2 Screening of A. cDNA libraries 
Plating bacteria were prepared by picking a single colony from a streak and grown overnight 
in SOmls LB with MgSO4 and 0.2%Maltose shaking at 37 T. Cells were centrifuged at 
3000rpm in a Sorvall RT-6000B refrigerated centrifuge and the pellet resuspended in lOmIs 
of sterile 10mM MgSO4, the volume was then adjusted until the 0D 600 was 2.0. Libraries 
were titred the day before infection by setting up a series of ten fold dilutions in SM buffer 
with 100ul of plating bacteria. This was then mixed, incubated for 20 minutes in 4ml tubes 
at 37 °C before plating in 3mls CY top agarose at 47 °C on 90mm CY agar plates. The titre 
was determined in plaque forming units per ml (pfu ml 1)  by counting the number of 
plaques after overnight growth at 37 °C. 
Typically four 20cm \20cm plates were each plated with 200.000 pfu by diluting phage to 
give 200.000pfu in 200u1, adding I ml of freshly prepared plating bacteria and incubating for 
20 minutes at 37 T. 50 mIs of molten CY top agarose was added and mixed well before 
pourmg onto previously dried and warmed 200rnl CY agar plates. Plates were set, dried for 
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30 minutes and incubated inverted overnight or a minimum of 8 hours. Plates were chilled 
for one hour at 4°C before transfer of DNA onto nitro-cellulose membranes (2.9.3) plates 
were aligned with autoradiograph to pick positive plaques with the wide end of a sterile blue 
Gilson tip. The obtained Plugs of agar were transferred to 4m1 tube containing Imi of SM 
and I drop of chloroform. After elution for two hours at room temperature this stock was 
titred and the second round of screening carried out on 90mm plates using the same method. 
Tertiary screening was carried out when necessary to obtain single plaques. 
2.13.3 Preparation of DNA from ?. clones 
X clones in the ?uni-ZAP II vector were subcloned into plasmid by the cotransfection of 
SOLRTNf E.Coli with the helper phage ExAssistTM  exactly as described in the manufacturers 
(Stratagene) protocol. Plug eluates containing X clones that did not have this facility were 
diluted and used to produce plate lysates which were then used for DNA extraction using a 
wizard X DNA preparation kit (Promega). 
2.14 Extension of cDNA clones by RACE 
2.14.1 RACE (Rapid Amplification of cDNA Ends) 
Race was achieved by using marathon ready cDNA (Clontech). The cDNA, derived from 
either adult mouse brain or e15 whole embryo, has adapters ligated onto each end to permit 
5' or 3' RACE by PCR between adapter and gene specific primers. The manufacturers 
recommended protocols were followed and a high fidelity DNA Taq polymerase, Expand 
HiFi (Boehringer Mannheim) was used. 
2.14.2 Cloning RACE products 
Race PCR products were cloned using a TA cloning kit (Invitrogen) following 
manufacturers instructions. Products ligated into the pCR2.1 cloning vector were 
transformed into INVaF' One Shot competent cells (Invitrogen) and colony PCR (2.12.4) 
was used to determine presence and size of insert from at least 20 colonies per experiment. 
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2.15 Sequencing of PCR products and plasmid inserts. 
2.15.1 Manual sequencing of PCR product. 
Some PCR products were sequenced using the USB DNA sequencing kit (Sequenase 
Version II) by the method of Winship, 1989, adapted from Sanger et at., 1977. 
The PCR product was run on a 1.4% LMP gel (section 2.7.2), isolated, purified using 
Geneclean (Bio 101) and eluted in 15j.xl dH 2O. 
Two reactions were set up per fragment, each with different primers. 3jil of the eluted DNA 
(approximately 60ng) was added to 150ng of primer in 40mM Tris.HCI, pH7.5, 20mM 
MgCl), 100mM NaCl and 10% DMSO. The reaction was heated to 100 °C for 5 minutes and 
snap frozen in liquid nitrogen (to denature the template and minimise re-naturation). The 
labelling mix for each reaction, (dGTP) was prepared containing: 5j.tCi of [ 35S]dATP 
(Amersham), I .5p.M of dGTP, dCTP, dTTP, 25mM DTT and three units of T7 DNA 
polymerase (Sequenase, USB). This mix was added to the thawed DNA and the extension 
reactions were incubated at room temperature for one minute. The extension reaction were 
then terminated by the addition of 3.5pi of the reaction mix to 2.51.11 of the four 
dideoxynucleotide termination mixes (containing either ddATP, ddGTP, ddTTP, or ddCTP 
in 10 % DMSO), which had been previously warmed at 37 0C for 5 minutes. The termination 
reactions were incubated at 37 °C for 5 minutes, after which time 4p.l  stop mix (95% 
formamide, 20mM EDTA, 0.05% bromophenol blue, 0/05% xylene cyanol FF) was added. 
Prior to loading, the sequencing reactions were heated to 80 °C for 2 minutes to denature the 
DNA and 2.5tl of each sample was electrophoresed on a 6% denaturing polyacrylamide gel 
(section 2.7.5). Any sample not run immediately were stored at -20 °C for up to one week. 
2.15.2 Automated fluorescent sequencing 
More conveniently, plasmid or PCR generated DNA was sequenced using a Applied 
Biosystems ABI Prism dye terminator cycle sequencing ready reaction kit with Amplitaq 
DNA polymerase FS. The method was performed according to the manufacturers 
instructions. Typically, lOOng of PCR-generated double stranded DNA or lp.g of plasmid 
double stranded DNA was labelled using an ABI prism dRhodamine cycle sequencing kit in 
a Hybaid omnigene PCR machine. Each of the dideoxynucleotides in the reaction mix are 
Libelled with a different fluorescent dye and so the four chain termination reactions were 
carried out in the same tube and electrophoresed simultaneously on an ABI 377A machine. 
Once run. sequence trace data was analysed using Applied Biosystems 377A software. 
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Sequence files were transferred for analysis in the GCG suite of programmes at the MRC 
HGMP resource centre. 
2.16 Phosphoinositol Hydrolysis assay 
The Phosphoinositol (P1) hydrolysis assay was carried out essentially as described in Jope et 
a! (1997) with few alterations. 
2.16.1 Membrane preparation 
Entire brains were rapidly dissected from mice of the relevant age and genotype and either 
processed directly or snap frozen on liquid nitrogen and stored at -70 °C until used. The 
samples were homogenised in 20 volumes of 20mM Tris-maleate (pH7.0) and 1mM EGTA 
using a hand held lOmi volume glass Dounce homogeniser. Homogenates were centrifuged 
at 12,000rpm for 15 minutes at 4 °C , the supernatant removed and the membrane pellet re-
homogenised and centrifuged again. The pellet was resuspended in the same buffer, an 
aliquot removed for measuring protein concentration (Bio-Rad protein assay kit), and 
membranes were pelleted and frozen at -70 °C until required. 
2.16.2 [3H] P1 hydrolysis assay 
Membranes were thawed and homogenised in I 0mM Tris-maleate (pH6.4), and 0. 1 mg of 
protein centrifuged and pre-incubated at room temperature for 30 min in 10mM Tris-maleate 
(pH6.4), 6mM MgCl2, 8mM LiCI, 3mM EGTA and sufficient CaCl 2 to yield a free Ca2+ 
concentration of 0.3uM, 1mM deoxycholate, and stimulating agents when necessary. 
Stimulatory agents included 3uM GTPyS and 1mM of receptor agonist, either 5-
Hydroxytryptamine, 5-HT (Sigma) or mCPP, meta-Chlorophenylpiperazine. (gift from 
Megan Holmes). Reactions were initiated by the addition of 0.1mM [3H] PEP , 
(phosphatidylinositol 4,5-Bisphosphate) (5-10 x 104 cpm/lonmol; Du Pont) and incubated 
at 37°C. After 60 min reactions were terminated by immediately adding 1.2mls of 
CHCI3/CH3OH (1:2 vol/vol) and placing the tubes on ice. CHCI3 (0.5m1) and 0.25M HCI 
(0.5m1) were added and the samples were allowed to stand on ice for 15 mm. Phases were 
separated by centrifugation, an aliquot of the aqueous phase was removed and radioactivit\ 
was measured by liquid scintillation spectrophotometrv using the scintillation cocktail 
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Analysis of the 1(4)2Rn interval 
3.1 Introduction 
The functional unit 1(4)2Rn was identified by complementation analysis (Rinchik, 1994) and 
those experiments showed it to be homozygous lethal at some time between e13.5 - e15.5 
and weaning. This was determined by the presence of homozygotes at e13.5 to e15.5 but 
absence at weaning. This is a time window of approximately four weeks and a study was 
undertaken to narrow the stage of lethality resulting from homozygous loss of this region. 
Mapping distal to the 1(4)2Rn locus is the classical spontaneous hair loss mutation depilated 
(dep) (see figure 1.5 or 1.7). Mutant homozygotes display hair abnormalities of variable 
severity. Initial observations by Mayer et a! (1976) showed thin, short hair which is matted 
and greasy. A closer examination revealed misshapen, disoriented hair follicles and 
numerous clumps of pigment. The same authors determined by dermal-epidermal 
recombination studies that the site of action of dep was the epidermis (Mayer et al, 1976). 
Molecular studies of the 1(4)2Rn and adjacent distal region should permit access to both 
mutant loci and possibly other genes whose homozygous phenotype is masked by the 
severity of the 1(4)2Rn phenotype. 
3.1 Functional Analysis of the I(4)2Rn phenotype 
Functional analysis of the 1(4)2Rn phenotype included time of death and observation studies. 
3.1.1 Time of death study 
To determine the stage of lethality more accurately crosses were set up between mice that 
would provide offspring with homozygous deletion of the 1(4)2Rn interval. Crosses were 
chosen that would not result in homozygous deletion of either of the earlier acting 
homozygous lethal loci in the region, 1(4)lRn and 1(4)3Rn (see figure 1.5). The crosses used 
were;Ty,p19R75i'H X Ty l 9R 75 t , Ty,p IOZ.XTy,p1OZ , Typ1oz X Tyip1, and 
Ty,p1l46IC X Ty,pI4óT&  .Pregnant females were sacrificed between 11.5 and 20.5 days 
post coitum and all embryos were individually dissected from the uterus. A small amount of 
tissue was separated from each embryo, usually the extraembryonic membrane or a single 
limb in order to extract DNA for genotyping. Genotyping was achieved by one of two 
methods. Southern blots of Taql digested DNA were probed with a partial cDNA from 
Tyrpi, TRP1.6 (Jackson 1988). This probe binds to multiple different sized Tyrpi fragments 
plus aTyrpl pseudogene fragment which serves as a hybridisation control. A typical blot is 
shown in figure 3.1. Alternatively DNA was genotyped by PCR using Tyrpi specific 
primers exactly as described in section 4.3. Embryos were also fixed for subsequent 
examination. 








Figure 3.1 Genotype Analysis of a I(4)2Rn litter 
Southern blot analysis of a litter from a Tyrplt 975 'HI + x Tyrp19R7511 + cross. Genomic 
DNA extracted from each embryo was digested with Taqi and separated on a 0.8% agarose 
gel (sections 2.4.2, 2.6.1, and 2.7.2). Fragments were transferred to a nylon membrane and 
hybridised at 65°C to the radiolabelled probe (sections 2.9.1, 2.11 and 2.10.1). The 
hybridisation signal was detected (section 2.11 .4) after an approximately 16 hour exposure. 
The Tyrpi .6 probe (Jackson et a!, 1988) hybridised to 6 Tyrpi derived fragments as well as 
a pseudogene which served as a positive control. The DNA in the fifth and eighth tracks are 
clearly determined to be from deletion homozygotes. 
A total of 153 embryos were collected from 21 litters. Table 3.1 includes data from all 
embryos that were successfully genotyped. The expected number of homozygotes were 
present in all homozygous deletion crosses (approximately 25%), indicating that 
homozygous loss of the 1(4)2Rn locus does not result in neonatal death. The 46UTHc 
deletion is known to extend further distal than the other deletions tested that do not delete 
1(4)3Rn and could possibly delete more genes than the 1OZ or 9R75V}-I deletions, resulting 
in a more severe phenotype, i.e. death at an earlier stage. No Tyrp146UThc X 
i&46UTHc  
embryos were dissected beyond e15.5 so it could not be determined if this homozygous 
deletion resulted in neonatal death after this stage. The percentage of compound deletions 
resultant from the 1b-/OZ1 ± Ty Jb 4ACRr/ + cross was much lower than the expected at 
only 11 °. The chi square test. 2=  (1O-E]YE )4  ([0 2 -EJ 2 'E 2 ). where 0 and E are the 
observed and expected frequencies in each of the two classes scored, was used to determine 
that the x2  value in this case is 2.965. This value does not exceed the x2  table value of 3.84 
required for P= 0.05 with one degree of freedom, therefore this data is not statistically 
significant due to the small number of embryos successfully typed from this cross. It can be 
suggested that Tyrp1tZ /TyrpJb4AcRr embryos will not have a more severe phenotype (i.e. 
death at an earlier stage) than the TypPoZ  embryos tested as at least one compound 
deletion was detected at e 19.5. Also, this compound deletion results in the homozygous loss 
of the same region deleted in the Tyrp10Z  homozygotes and only heterozygous loss of the 
more distal region. As heterozygotes carrying this deletion do not display any reduced 
viability phenotype it may be assumed that this genotype should have no further effect. 
9R75VH 1OZ 1OZ 46UTHc 
x x x x 
9R75VH 10Z 4ACRg 46UTHc 
e.10.5  1/4 
ell.5  3/16  
e 12.5  1/6 1/3 
e 13.5  0/4  
e14.5 3/14 3/10  2/10 
e 15.5  2/8 
e.16.5 3/13 4/14  
e.17.5  
e.18.5 4/14  
e.18.5  
e 19.5 4/16  1/8  
e.20.5  0/4  
TOTAL 14/5 1 10/40 2/22 6/25 
% 27.4% 25.0% 11.0% 24.0% 
Table 3.1 I(4)2Rn time of death study 
The number of homozygous or compound deletion progeny over total number of progeny 
genotyped typed at the specified stage is shown. The extent of the deletions used are shown 
in figure 1.5 and 1.7. Embryos were genotyped as described in figure 3.1 or as section 4.3. 
3.1.2 Examination of homozygous I(4)2Rn embryos 
All embryos removed from the uterus at e14.5 or later appeared to be alive and embryos 
from e18.5 were active upon removal before being euthanised by decapitation. Absorption 
moles were present in some females, almost always at the end of the uterus and apparently 
with equal frequency in the different crosses examined. All embryos were fixed and 
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examined visually for any obvious defects; this was done 'blind' as the genotype of each 
embryo was not known at the time of examination. No abnormalities were identified apart 
from a single example of exencephaly, which is probably not significant in 153 embryos. 
For a more detailed visual survey after genotyping embryos were sectioned using a 
vibrotome into 300 j.tm sagittal sections. A pair of e16.5 embryos, one homozygous deletion 
and one heterozygote or wild type, from each of the Typll>9R75tH  X Typl75'1I  and Tyrpl" 
/OZ X Tyrpl" loz  crosses were prepared for vibrotome sectioning by M. McKenzie. Embryos 
were examined in a pairwise comparative manner without knowledge of the genotypes of 
the individuals in each pair. No visual difference were seen between the mutant and wild 
type embryos in the structures visible under low magnification light microscopy. 
More recently a small number of litters from these crosses have been born in the Oak Ridge 
mouse house where it was noted that one or two pups are missing from the cage one day 
after birth. DNA from the remaining 8 progeny of one such litter was sent to the HGU. 
Genotyping showed that no deletion homozygotes were present. This would suggest that the 
deletion homozygotes die very soon after birth although more litters would have to be 
examined to be confident of this fact. The probability of observing no homozgotes in 8 
offspring is 0.100 (P= 0.758)  which is not significant. 
3.2 Mapping in the I(4)2Rn region 
To further define this region and gain molecular access to the 1(4)Rn2 loci, physical, genetic, 
deletion and comparative mapping was undertaken. 
3.2.1 Physical mapping 
To generate a physical contig of the 1(4)Rn2 interval D4Mit 115 and D4Rck9 were used to 
screen the Research Genetics and ICRF YAC libraries respectively by Julia Bell. A single 
YAC, YAC 115 was identified with D4Mit1 15 and two YACs were isolated with D4Rck9, 
D0670 and D0548. These YACs were charactensed and end fragments were generated 
(2.12.5) to re-screen YAC libraries to facilitate the construction of a YAC contig of the 
1(4)2Rn interval. Five of the six possible end fragments were obtained and sequenced as 
described in section 2.15.1. Only two fragments, one from each of YAC 115 and D0670 
(markers Jkn6 and JknS respectively) were obtained that did not contain repetitive sequence; 
all other contained Llmd repetitive DNA and were therefore not useful. PCR primers for the 
markers D4Mitl 15, D4Rck9 D4Jkn5 and Jkn6 (see table 2.4) were sent to the Genethon 
YAC screening service (section 2.3.5) and the identified YACs are shown in table 3.2. 
/ZtV. \ 
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YACs were sent as stabs on the appropriate solid media and were cultured as described in 
section 2.3.1. Total yeast DNA was prepared in solution and agarose plugs as described in 
sections 2.3.3 and 2.3.4 for marker content and pulse field gel analysis respectively. The 
approximate size of most of the clones was determined by pulse field gel analysis, in order 
to estimate the maximum distance between the most proximal and distal marker in the 





SIZE (kB) D4 Jkn5 D4 Jkn 6 D4 Rck9 D4 Milt 
115 
M5E2 600 V 
M2C12 625 V 
M7E9 600 V 
M2G3 ND V 
M8131  ND V V V 
M1 F4 420 V 
M8A1 860 V V V 
M4131 ND V V 
M6132 550 V V V 
M5135 ND V V V 
M611-17 ND V V V 
M711-16 ND V V 
M6A1O ND V 
M2H1 450 V 
M71136* 700 V 
M4B4 650 V 
M8E5 * 420 V 
M8134* 280 V 
M4B5 650 V 
VAC115 450 V ND V 
D0670 600 V V V 
D0548 580 V V 
Table 3.2 Genethon YAC screening results 
YACs identified by screening the Genethon YAC libraries (section 2.3.5) with the 4 markers 
listed provides enough information for a rudimentary contig. The three YACs at the bottom of 
the table were isolated from the Research Genetics library and were subsequently tested for 
presence of the other 3 markers. Approximate sizes of YACs were determined by PFGE 
(figure 3.2) . * refers to clones which were isolated with D4Mitl 15 but found by Southern 
analysis not to contain this marker. This may be due to either a false positive result when 
screening the YAC libraries or loss of the unstable artificial chromosome. 
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* 	* 	 * 
YP148 M4B4 M4B5 M8B4 M8E5 M5E2 M2C12 M7E9 M7B6 
1035 	P 













Figure 3.2 Pulse field gel analysis of Mitl 15 positive YACs. 
Yeast DNA was prepared, electrophoresed, blotted and probed with a 2.kb fragment from the 
left arm of pYAC4 (prepared by Julia Bell) as described in sections 2.3.4, 2.7.4, 2.9.1 and 
2.11. This probe hybridises to two fragments of chromosome VII of the strain YP148, present 
in the first lane. Sizes were determined by comparison of DNA bands from the marker strain 
YP148 (table 2.2). This blot was stripped and re-probed with D4Mit1 15 to check presence of 
the marker with which the clone was isolated. Those marked * were found not to contain 
D4Mit1 15 and were analysed no further. 
End fragments were obtained from a number of the isolated YACs (section 2.12.5), although 
in most cases end fragments could not be obtained or were repetitive and not useful. End 
fragments that were obtained were mapped to the YACs by Southern blot analysis and this 
information was used to generate a contig of overlapping clones (Figure 3.3). As some of 
these YACs were sized a minimum tile path can be drawn, predicting that the physical 
distance between Jkn5 and mitl 15 is 1.46 MB (the sum of YACS M5E2 and M8A1, 
assuming no rearrangements or deletions in these YACs). YACs were also checked by PCR 
for content of the marker D4Jkn13. This marker is the most distal BAC end fragment within 
the physical contig that covers Tyrpi and the baf interval. None of these YACs were found 
to contain Jkn 13 indicating that the two contigs do not overlap and the physical distance 
between markers Jknl3 and Jkn5 may be relatively large. 
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YAC 	JIM 	Jkn 	Jkn cDNA 	Jkn 	Rck 	Jkn 	Jkn 	Mit 
13 5 6 	Dl 14 9 15 16 115 
Figure 3.3 Contig of YAC clones in the I(4)2Rn interval 
Contig generated from marker content information obtained by hybridisation of markers to 
Southern blotted yeast total DNA containing the relevant YACs. Clones are represented by 
solid bars, the dashed line in M8B12 represents an internal deletion. The YAC M6H7 must 
have undergone a rearrangement as it contains one marker mapping more distal than its end 
fragment. The maximum size of the contig can be estimated from the minimum tile path of 
YACs M8A1 and M5E2 (sizes given in table 3.2). 
3.2.2 Genetic mapping 
The genetic distance between Tyrpi and the marker D4Jknl shown on figure 1.7 was 
previously determined using the European Collaborative interspecific Backcross (European 
backcross collaborative group 1994) (Bell et a! 1995). An interval mapping approach was 
taken to genetically map the markers Jkn5 and Jkn6, (the end fragments of D0670 and 
YAC 115 respectively). In interval mapping, DNA from relatively few animals is required 
whilst still maintaining the resolution of the 983 animals in the backcross because a 
'hierarchical' approach is taken. Haplotypes of individual animals in the EUCIB panel were 
identified by use of the Mbx database; 
(http://www.hgmp.mrc.ac.ukfRegisteredfWebapp/mbx!index.htm1)  
accessed through the MRC Human Genome Mapping Project Resource Centre (HGMP-RC), 





where N represents the number of animals typed at both flanking anchor loci, R is the 
number of recombinants between the anchors, n is the number of animals typed for the 
marker, and r the number of recombinants between the marker and anchor (Tyrpi). 
Of the 983 progeny, 927 were typed at both Tyrpi and Mit52, the number of recombinants 
in this interval was 130 giving a recombination frequency of 0.1472 (14.72 cM). Each of 
these 130 animals therefore represents 7.138 animals (927/130 =7.138) from the total 
backcross. Of these 130 only 127 were tested for recombination between Tyrpi and JknI, 13 
of which were found to be recombinant, giving the distance 1.44cM (13/(127x7.138)). Each 
of the 13 animals recombinant between JknI and Tyrpi therefore represents 69.66 animals 
((127x7.138)/13). These 13 animals were used to map Jkn5 and Jkn6, Typing was carried 
out by detection of RFLVs after gel electrophoresis and blot hybridisation, shown in figure 
3.4. The same results were obtained with both markers. 
** * 	 * ** *** * 	* 	** 
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Figure 3.4 Haplotype analysis of a representative panel of EUCIB mice 
Genomic DNA was digested with Pstl, electrophoresed and blotted as described in sections 
2.6.1, 2.7.2 and 2.9.1. This filter was hybridised with radiolabelled Jkn6 probe. Jkn5 was 
analysed in the same way, utilising an EcoRl RFLV. Both probes gave the same haplotype 
results (Jkn5 Is shown here). Informative mice (those recombinant between Tyrpi and Jknl) 
are indicated with a star. The lower band is from the inbred strain and the upper sized band 
in each case is from the Mus spretus DNA. The London (L) and Paris (P) Mus spretus 
fragments are also polymorphic for this marker. 
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Table 3.3 identifies 8 of the 13 mice typed that were found to be recombinant between both 
markers and Tyrpi, giving a recombination fraction of 0.00883 (8 —(69.66 X 13). This is 
approximately equivalent to a map distance of 0.883cM ±1- 0.12. This approximate estimate 
of the standard error was calculated assuming the binomial probability; 
S.E. _ 
The same calculations can be used to estimate the genetic distance between the test markers 
and Jkn 1. As 5 out of the 13 informative mice are recombinant between these two markers 
and Jknl the distance is calculated at 0.55 +1- 0.16cM. As there are approximately 3xlO 9bp 
in the mouse genome and a total of 1700cM it can be calculated that the distance between 
Tyrpi and JknS and 6 of 0.88cM corresponds to an average physical distance of 1.5Mb 
([3x109 — 1700] x 0.88). 
L L L L L L L L L PP P P 
B B B B S S S S S  B B S 
1 225 112 7702 2 0 
4344 882 784 04 5 
98 73 461 933 9 53 
Tyrpi 1 2 2 2 2 1 2 2 2 1 1 1 2 
Jkn5 and Jkn6 1 1 2 2 2 2 1 1 2 2 2 2 1 
Jknl 2 1 1 1 1 2 1 1 1 2 2 2 1 
total Recomb. 1 1 1 1 1 1 1 1 1 1 1 1 1 
Table 3.3 EUCIB Haplotype data 
Haplotype data of the 13 informative animals from the EUCIB backcross used to genetically map Jkn5 
and Jkn6. Numbers two and one refer to heterozygous and homozygous genotypes at the 
corresponding locus respectively. 
3.2.3 Deletion Mapping 
Markers generated in the region by physical or comparative mapping were mapped onto the 
deletions by hybridisation to Southern blotted DNA digested with a restriction enzyme that 
displayed a fragment size variation between Mus musculus and Mus spretus with that 
particular marker. Within the 1(4)2Rn interval JknS. Jkn6, Rck9, and the IMAGE clone 
23317 (see section 3.3) were mapped in this way, mapping of D4Jkn6 is shown in figure 3.5 
as a typical example. The results of deletion mapping all other markers in the 1(4)Rn2 
interval are shown in Table 3.4 in the summary section 3.4. 
Figure 3.5 Deletion mapping of marker D4Jkn6 
DNA from N2 hybrid mice was digested with Pstl, electrophoresed, blotted and hybridised 
with the D4Jkn6 marker as previously described. Track S contains Mus spretusi Mus 
musculus control DNA, M contains Mus musculus/Mus musculus control DNA. Tracks 1-25 
contain DNA from the following deletions over a Mus spretus chromosome, 51 DThWb, 
55Cos, 5CHLe, 26R60L, 12PU, 33G, 3YPSh, 11PU, 8Pub, lOz, 46UTHc, 11R30M, 49HATh, 
331K, 37Pub, 9PU, 13DTD, 3YPSc, 13R75M, 173G, 1THOIV, 1DF1OD, 47DTHwb. (Bold 
indicates that the deletion does delete D4Jkn6), 
3.2.4 Comparative mapping in the I(4)2Rn interval 
Expressed sequences previously mapped in the region of human chromosome 9 that shares 
homology with the brown deletion region on mouse chromosome four (section 1. 12.3) were 
identified from a number of resources (chapter 6) and several were mapped in the mouse. 
One such transcript, WI 14235, was mapped in the human radiation hybrid map at 55.59 
cRad on human chromosome 9. This clone overlapped with W16883, a marker present in the 
MIT human YAC contig where it is on the same YAC contig as Tyrpi. The human IMAGE 
clone was obtained and mapped to the mouse YACs and also the brown deletions. This was 
possible as the human clone cross-hybridised with mouse DNA. Mapping to the deletions 
was achieved by detection of an Earl RFLV between Mus musculus and Mus spretus. As the 
fragment mapped between D4Rck9 and D4Mit 115 in the 1(4)Rn2 interval it is considered a 
candidate gene for the 1(4)Rn2 locus and was therefore further characterised. 
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3.3 A candidate for the I(4)Rn2 loci 
The Human IMAGE clone, no 23317, mapping in the 1(4)Rn2 interval was used to screen 
two mouse cDNA libraries by hybridisation (section 2.13). No positives were obtained from 
an e8.5 total embryo library, while several clones were isolated from an adult mouse brain 
library. Unfortunately these clones were only approximately 700bp long and did not provide 
much more sequence information than that of the human clone. 
3.3.1 Sequence analysis of the 1(4)Rn2 candidate 
The isolated cDNA ? clones were subcloned and completely sequenced three times in both 
directions. This provided approximately 700bp of sequence that did not appear to contain an 
open reading frame. This was unexpected as the strength of signal observed when the human 
clone was hybridised to mouse DNA suggested that the sequences were strongly conserved 
and most likely suggests that they would be coding sequence. However, it is possible that 
the 3' untranslated region was functionally conserved. Three approaches were taken in an 
attempt to obtain more 5' sequence of this transcript, including database searching, 5' 
RACE and screening of a WET library. 
By searching the database with the available sequence many Expressed Sequence Tags 
(ESTs) from both mouse and human cDNAs were identified. These were organised into 
contigs of overlapping clones using the Gelassemble programme at HGMP-RC (shown in 
figure 3.6). This programme optimally aligns sequences of less than 2KB in length in a 
fragment assembly project into assemblies or contigs and generates a consensus sequence. 
The default parameters of a minimum of an 80% identity match over a minimum of 1 4bp 
were used. One Mouse EST, W82227, was derived from an IMAGE clone that had been 
sequenced from one end only. This clone was obtained from HGMP-RC and sequenced 
(sequence shown as 403880 on the 5' mouse contig) from the opposite end to extend the 
contig. These contigs cover over 2.4kb in total and contain many multiple sequence runs, the 
consensus sequences contain two open reading frames (ORFs) of possibly significant length. 
These are 81 and 114 amino acids long, do not contain any in frame ATG at their ends and 
do not contain any known protein motifs or repeats. The two mouse contigs both shared high 
levels of sequence conservation with their homologous human consensus sequence (figure 
3.7). The more 3' mouse contig shares 92% sequence identity while the more 5' contig 
shares 93% sequence identity. Possible explanations for this high level of sequence 
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Figure 3.6 Contig of human I(4)2Rn ESTs 
Contigs of overlapping ESTs assembled by the Gelassemble programme run at the HGMP-
RC. The main contig shows human EST sequences, those marked with stars have been 
independently mapped; * g06297 represents WI-6883 which has been mapped to the 
human physical YAC map; *g24134 represents WI-14235 which has been mapped in the 
human radiation hybrid map. Although the main contig appears to be linked by single 
sequence overlaps in two places, solid lines link the ESTs that are derived from the same 
clone, increasing the confidence of the contig. The two contigs underneath consist of mouse 
EST5 homologous with the regions indicated by the dashed blue lines. 
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In an attempt to obtain coding sequence from the gene the mouse partial cDNA isolated 
from the brain cDNA library, clone dl, was used to screen a mouse genomic library in the ?. 
Genomic Exon Trap (XGET) vector. Any exons present in the sub-cloned genomic 
fragments isolated should provide functional splice sites and be expressed in the transfected 
COS cells (section 1.12.2). Two clones were isolated, subcloned and transfected into Cos7 
cells. When recovered by RT-PCR both inserts were approximately 220bp and probably 
derived from the same genomic fragment. These fragments were sequenced by the method 
described in section 2.15.2 and were found to overlap with the existing non coding sequence 
(see figure 3.7). Although no new sequence was obtained by this approach, the fragment 
obtained appears to be a true exon as it is joined at splice sites to the second exon of the rat 
preproinsulin gene in the Xget vector. This sequence contains the short ORF identified in the 
5' mouse EST contig. 
Another approach to obtain 5' sequence of an expressed gene is by 5' RACE (Rapid 
Amplification of cDNA Ends). This was carried out as described in section 2.14 using 
adapter ligated e 15 whole embryo cDNA and primers designed from the 5' end of the known 
sequence using guidelines suggested by the Marathon RACE protocol. Two positive 
controls were always used, a reaction was set up using a primer pair designed from the 
known sequence of the gene and a reaction including the S'adapter primer and a primer for 
the mouse Gapdh gene (glyceraldehyde-3-phosphate dehydrogenase). Both positive control 
bands were clearly seen while both the primary and nested PCR reactions of gene specific 
primer with adapter primer produced a smear when gel electrophoresed. These products 
were therefore blotted and hybridised sequentially with three different radiolabelled internal 
probes in an attempt to identify specific RACE products. No specific products were 
identified and it was assumed that the smear consisted of only non-specific products. 
All sequencing data obtained in these experiments is combined in figure 3.7. This line up 
shows that the mouse cDNA isolated must have been primed from an internal polyA 
sequence within the transcript, a long way upstream from the tentative polyadenylation 
signal. It is also likely that many EST sequences in the contigs are derived from clones 
primed not from the true polyA tail of the gene, this may be within the coding region, or 
from contaminating genomic DNA. The consequences of this are discussed in section 3.5. 
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403880 > TTTTTTTTTTAACCTAsTTCAATGTTTCTTCTTTTCTTTGArATAAACTtATTAAAAAAG 60 
403880 > CACTACTATAGAAAATCTCGAATCCACGTTTAgCCTTCTATTTTTTTTTAAAACCAGCAA 120 
et200 > CCAGAC 16 
403880 > GTATATYCTGACGAAGGGCCCCACTTTTGCAGGTCTTGCAYGCCCCTTCCTTACCCAGAC 180 
et2 00 > TGCAGAGCTTCAGGATGGTGAAGGTCACCCAAGGGCATCTGTTAGGAGGTGGTGTCTCCC 76 
403880 > TGCAGAgcTTCaGGATGGTGAAGCTCACCCAAGCGCATCTGTTAGGAGGTGGTGTCTcCC 240 
et20 0 > ACCACCAGCTCATGGCACTGTCCAACCTTTGTTGTATTGCTTTGCAGCCCACCACTCACA 136 
403880 > ACCACCAGCTCATGGCACTGTCCAaCCTTTGTTGTaTTGCTTTGCAGCCCACCACTCACA 300 
et2 00 > CTGCCTCTAAAGTGTGTGTTTCCCGAAGTGACGTGAGCAGTCGAGACTTGCCTGTCTTTA 196 
403880 > GTGCCtCTAAAGTGTGTGTTTCCCGAAGTGACGTGAGCAGTCGAGACTTGCCTAACGGGG 360 
et200 > TTTG 200 
403880 > GAAAAAAAACCTGAGAGGCAGTGAAGGAGACTGTACATAAAGACATGGCAAAACCTTAAG 420 
403880 > TATAGCAATATAGTTATCGGGTAATTTTCGGGTGGGCAGCTCCATTATAAAGTATGTGAA 480 
403880 > TGAGTCTGTGAAGCTGCGAGGAGAGAGAAGAGC tTGGCCTTCTTAATGAACCGCCTACCT 540 
403880 > TGTAGACAGTAATTTGTACACTGTATAGTTTTGTTAAGAATTTTTTTTTAAATTAAAATT 600 
403880 > CCCATGTTTGTAAAGCTAACTTTTTAACAATTATAATGGAACTATATgTtGttTCcATTT 660 
403880 > TTAAAGTAAACAAGAATATTCCTTGTTTAGAGACTGGACTCGAGTTAAAACTCTCCAGgC 720 
403880 > TCTTAAGTTATGTATTAAAAAAAAAAAATCTGTCCATGTTAGGAGATATTTCACAGGTTC 780 
f13107 > CCTT.TAAAAAAGTGTAAATCGAGAAAACTTA 32 
403880 > TTGTGCTTGAAAAGCATAGGACGCTAATCCTTAAAAAAAAGTGTAAATGGAGAAAAGTTA 840 
f 13 107 > TATTTTATGAAGGTTATTTTGTTGTATTTAgGTATTGGAAAAGTTGCtTTcCAGAGCATT 92 
403880 > TATTTTATGAAGGTTATTTTGTTGTATTTA . GTATTGGAAGAGTTGGTTTTCAGAGyATT 900 
f13107 > TCAGAATG. TCCAAGCACCAC TGTCTTTTTATTACTATATACGCCCTTT.AGCAAAAGT 152 
403880 > TCAGAATGTTGGAAGCACCGC TGTCCTTTkGTWAGTATATAAGGCCTTTWAGCAAAGGT 960 
f13107 > ....................... TTTTGTCATTGTtACGTGATGGTATTtAAGGTTAAGT 212 
403880 > TTyCTCCTTTTTTTyCCTTTTwATTTkGTGATwATyCCATGAkGGTATTTAAGGATAAGT 1020 
f13107 > TTCACAGAGCATTCAGGATAGGCAGAAAACTAAAACAGTGCTATGTCTCACATAACGTGT 272 
403880 > TTCACrGAGCATTCAGGATAGGCrGAAAA . AWTAWTWGTGCGATGTCTCACATAACGTGT 1080 
f 13107 > CCTCAGGGAGCAGAATCTTGGATTTGTGACTTGTAGCTTCATAAGGACTCAACGAAAGAG 332 
403880 > CCTCAGGGACCAGAATC .CGGATTTGTGACTTCTAGCTTCAAAAGGACTCAAGGGC 1136 
f13107 > ATTGCACAGGGACATCTTCAGCGGTGTGACAGCAGGACATGTTCTTTACCTAGATTCAAA 392 
f13107 > TTCTATGTACTGTGTGAAATGATGAAGGCTGCAGAAAGTTATCCCATATTCAGTGTACAG 452 
f13107 > TA . TTCATTTTTAATgGAAACAACTC . TACAATATTGCTgGGCAGATAgGGCCCCAAGCa 512 
f 13107 > TgGAcCAtTTCAATATAgGTTTAcCATGTTCCtGTCaAGGtCTTTTGTTaACmTTAACCA 572 
f13107 > GCyGsmTGCTTTCTgGGaCTTTAAGAAATTGGGTTTCTATAGGAwwWyTTTTTTTTTTTT 632 
f13107 > TTTTTTTTTAATGTGCAGGCTATTCAAGTTCAATA . GTA.AAAGCTCAAAAAT . GAATGTT 692 
dl > TGGCC ... CTGC.AGC 16 
f13107 > . CTACtCCaT.GCTGAAGGAGCTGAAAntGCCTTCTTCATATTTTGCACTTTCTGGtAGT 752 
dl > TCCACCGCGGT.GGCGGcCGCTC. .TAGAACT. .ACTGGATCCCCCGGATCCCTGCACTG 76 
f 13107 > TCCCckGTTTTTT. CtAATTCCC. .wAAAATT . GTGTGGGtGGAGTGGAGCCCTGCAGTT 812 
dl > GGGGG .AATAACAT GGACCACTGATTTTG. CCCTTTGACCCTGCA. CAATGACCTTTGC 136 
f13107 > GGGGG. . GTAACAT. GGACCACTGATTTTG. CCCTTTGAcCCTGCA. CAATGACCTTTGC 872 
dl > ATCAGCCAAACTCATTGCCATGACAACTC.TTTGTACTGTGT. .CGTGCCACAGATCTGT 196 
f13107 > ATCAGCCAAACTCATTGCCATGACAACTC .TTTGtACTGTGT . CCGTGCCacaGATCTGT 932 
dl > TCGTCAC . ATTGTTAATAgTAAAGGGGACAAGTTGGAGACgGTCAATTTTTACATTTTTT 256 
f13107 > TGGtCAC . AT tGTTAATAGTAAAGGGGACkAGTTCGAGACGGTCAATTTTTAcA. . . . TT 992 
dl > TTTTGTTGCAA. TTTTTCTTCaATGGTTGTAAGTAGTTTTGTTTTTTTTTTTTAATGATA 316 
f13107 > TTTTGtTGCAATTTTTTCtTCAATGGTTGTAAGTAG. tTT. TTTTTTTTTTTTAAtAATA 1052 
62 
dl > AAA. GGTtCAGTAGTTAATACGCTTTAGAAATATC . TGTGTGtTTGCAATTC - &AATGTa 376 
f13107 > A.AAGGCtTCACTaGTtAATACt. .CtAGAAATAtC - TGTGTGTTG.CAAtTC.AAATGTA 1112 
dl > TGtTTGA.GATTGTGAAA.GCG.CTtCA.GTGGC.AC.TAGC.CTACG.GG.ACCC.tA 436 
f13107 > TG.tTGA.GATTCTGAAAA.GCGC.TtCA.GTGCC.AC.TAGC.TtACC.CGTACAC.TA 1172 
m12 con > TTCGT 5 
dl > . . aATTaAgCCc - TTGATaACTTTTATTGCATGATACAGTACC . AGTAACaA. AGGtGGC 496 
f13107 > - GAC TAAGCCC . TtGATGAC. .TtaTtgCATGATACAGTaCC. aGGaACAACAGGTgGc 1232 
ml2con > C. GACATGCAT. GAAAA. CCAGTGTATGC .TA .GTGTCAC TCAAGCC .AGT . CTTGTAT 65 
dl > C.TAAA..CAT.G.AAA.GCA.TGTaTGC.TA..TGTCCC.TCCAVCC.A.T.CCTGTAT 556 
f13107 > C.tAAATACAT.GAAAAGCAGTGTAAGC. TA. GTGACAC. tAAAGCC.aGT.CTTGTAt. 1292 
m12 con > TACTGTATTTTT . GACAGAATGG. . TTTTGAAAACTGT . GCTACAGGGACTGATGTGGCA 125 
dl > TACTGTATTTTG. aAca . AatGG. - . TTTGAAACTGT . GCtaC . rGGAC . GAagTgGCm 616 
f13107 > TACTGTAtTTTT. GACAGaATGG. . tTTtgAAAACtGT .GCTACaGGGacTGATGTGGCA 1352 
ml 2 con > AATATATCTCTTTATGCAGAAGGAAGTCTTTTTTTT. . TTAAGaAAAAAAAAAAGAAGTA 185 
dl > AA.AT.TcccCTTtTGCm.AAgGaATCCtTTTTTTT .........aAkAAAAAAAAAAtt 676 
E13107 > AATATATCtCtTTATGCAGAAGGAAGTCTTTTTTTTtCtTTTttTTTTTTTTAAGAAGTA 1412 
ml 2 con > TGGCTTATTATGCATTCTTCATCGAGGGCATTGAAGTTGCATGG . ACTGATAAAAGTTGA 245 
dl > TGgkTwTTT ...CCTcCyCC. .CCA.GGCkT. .AATTsC. .kGAAC.GATAA. . .TTAA 736 
f13107 > TGGCTTTTTATGCATCCTTCATCGAGGGCATTGA.AGTTGCATGG . ACTGATAAAAGTTGA 1472 
ml 2 con > TG . CAAAATGAGAAAGAAACAAAAAGACAAAAACAAACAAAAAAAAAAACAAAAAACAA.A 305 
dl > TC.CATAA. .AAAAAC 752 
f13107 > TG.CAAAA ....CAAG......AAAG. . . .aAACAAACkAAAA ..............AAA 1532 
ml 2 con > AAAACCAGCAAAATGTTTACCAAAAAACTCAAACAAATGAGCAGTGCCTGTCCAATTTCA 365 
f13107 > AAAACCAGCAAAATGTTTACCAAAAAACTCAAACWTGAGCAGTGCCTGTTCAATTTCA 1592 
ml 2 con > CAGTCTCTGTTGAGTTCAGTTGTAAATATGTTTCAAATGACATTTTCTTGGGAAAAAAAA 425 
f 13107 > CAGTCTCTGTTGAGTTCAGTTGTAAATATGTTTCAAATGACATTTTCTTGGG. AAAAAAA 1652 
ml 2 con > ATCTCTACAACGTTGTGGAATGTGAGGGGCAACTGTCTCCCAGGCATAGGCGTCTCAAAG 485 
f13107 > ATCTCTACAACATTGTAGAATGTGAGGGGTAACTACATCCCAGGCATAGGTTTCTCAAAG 1712 
m12con > CTGCGTCACGtGGCGTCGTCATCGGCCGGTTCATTTGTGCTTCTGTCACTGAGAACTTTG 545 
f13107 > CTGCAGTAGATTATGTCTTCATCAAGCTGTTA.ATTTGTGCTTATATCATATAGAACTTTT 1772 
m12 con > AGCACCCTGGGACGAGGTACCCCCACCTCAATGATATTTCTCT - GAGAACAACTTTTGTA 605 
f13107 > AGCATCCtgGGAAGAGCTGCCCCCACCTCAATGATATTtCTCT .GaGAACAACTTTTGTA 1832 
ml2con > GGACTGTGTGTTTCTTTAGATAC . ATTTAGTACAACTGTAGGTGACGAGTAGTCAGTCAT 655 
f13107 > GGACTGtGTgTTTCTTTAGATAC . attTagTaCaaCTGtAGGTGACGAGtAGTCAGTTAT 1892 
ml2con > TGCTTGCTAGCCACACACCAGGGTTGATCC ATTTTAAAACTTTTGGCATATTTGTCCTC 725 
f13107 > TGCTTGCTAGCTACACACCAGGGTTGATCC .ATTTTAAAACTTTTGGC&T - TTTgtCCtC 1952 
ml2con > CTGGG.CCATAAATA.CAGAA.CCTTGTGTTTT.AATTAGATTTTTGGAAAAAA 	,. 785 
f13107 > AtGGq.cCataAAta.CagAa.CCttGTat-TTT.aATTaAatTTTt .......... T. . t 2012 
ml2con > ACGAGTAAAAGG - - AGGCA. CATG - CAT - AATCT - CCATGTAACAAG. CCTTTAG - CAGT 845 
f13107 > ac. . . .AAAaGG. 	acqca.CAtg.caC.AatCt.CCatGTAacaAA.CCTttAG.CAGt 2072 
ml2con > GGGATGT - AT.. .TACAGGACAGTTACTTACTTAATTT CTGGAGTT - CGGG - CCTCTGG 905 
f13107 > AGGATGT.aTT.ATaC.G.ACAGTTA .... CTTAatTT.CTAGAGTt.CAGG.CCTCTGC 2132 
ml 2 con > CAT . AGGCCCCAGACTGGG - CCGGAATG . TTA - GTGAAGGTTTTATTGTG - CCCGGTTGG 965 
f13107 > gATCAA. CCCCAGACTGGG .CCAGAATg .TTA. GTGAAgGtTTTATTGTG.CCCGGTtGG 2192 
ml 2 con > AGGATAA . TGTTCTTTGTGTACT . TTTTGTGGGTCGCAAATGAACTCGATTG - CCACAAG 1025 
f13107 > AGGATAA. cgTtCTTtGGGTACT .TTTtGTGGGTTCCAAATGAaCTCAATTG.CCACAAC 2252 
ml2con > TTTTAAACT - GGTGTAAATCAAGCTTGACTT. AATGTGATTG. TTACTGTTATATCCAGC 1085 
f13107 > TTTTAAACT - GGTGTAAATCAaGCTTGACTT AATGTGATTG. TTACTGTTATAtCCAGC 2312 
ml 2 con > CTATACTGCTAGCAGCTGCTCATACTGCAGTCAATTA. CTGGAAGCCGATATATTTCCTA 1145 
f13107 > CTATACTGCTAGCAGCTCCTCATACTGCAGtCA.ATTA. CtGGAAgcGGaTATaTTtCCTA 2372 
ml2con > TG. CA).AAACTGTTTAAAACAAT1AAATGAG 1176 
f13107 > TG. CAAAAACTGtTT. AAACAA'IAAAATGAGCT . AtGC .TaCAqAaaaaaaaAaaaaaaa 2432 
f13107 > aAaaAaawrwmmmmkkA 2449 
Figure 3.7 Multiple sequence alignment of the 1(4)2Rn candidate gene 
Figure 3.7 legend 
This sequence alignment includes the consensus sequence of all sequence fragments 
obtained. Sequence 403880 is the 5' mouse EST contig consensus, et200 is the exon trap 
fragment obtained, Red sequence is derived from the chimeric rat gene in the exon trap 
vector. Fl 3107 is the human contig consensus, dl is the mouse clone isolated from a mouse 
brain cDNA library, ml2con refers to the 3'mouse contig consensus. Blue indicates identical 
bases in all sequences at that position, green indicates likely identical bases, based on the 
GCG ambiguity codes; M=A or T, R=A or G, W=A or T, S=C or G, Y=C or T, K=G or T. The 
two sequence stretches that display an ORF in the same frame are underlined. Putative 
polyadenylation signals are magenta. 
3.3.2 Expression analysis 
Some information on the expression profile of the partial cDNA is provided by the libraries 
that the clone itself and the many overlapping ESTs were isolated from. Human ESTs in the 
contig were derived from eDNA clones prepared from several libraries including, foetal 
heart, lung, liver and spleen and adult retina, lung, prostate gland and an ovarian cancer cell 
line. Mouse ESTs came mostly from a pooled organ cDNA library, others came from 
mammary gland, kidney, or skin cDNA libraries. RT-PCR was used to further examine the 
expression characteristics of this gene using primers N43 and M983 (table 2.3) which were 
designed from the 5'end of the cDNA. Figure 3.8 Shows that expression was detected from 
10.5days in total embryo RNA and in the brain of a four day old mouse. Expression was not 
detected in adult mouse brain RNA, suggesting that the gene expression may be only 
required for a limited period in development. To determine how early the gene is expressed 
RT-PCR was also carried out on RNA from e7.5 and e8.5 embryos, expression was not 
detected at either stage. 
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Figure 3.8 RT-PCR analysis of the I(4)2Rn candidate gene. 
RNA was extracted and RT-PCR carried out as described in sections 2.5.1 and 2.12.6. Gel A 
contains fragments obtained using primers N43 andM983, designed from the I(4)2Rn 
candidate gene and gel B is the GAPDH control. + indicates test reactions and - indicates no 
AMV-RT enzyme in the reaction to control for contaminating DNA. Whole brain RNA is 
labelled at the stage it was obtained, p4 or adult. 
3.4 Mapping or the Cerberus-related gene, Cerl 
3.4.1 The Cerl gene 
It was reported by Stanley et a! (1998) that the Murine Cerberus Homologue Cerl maps 
0.60±/- 0.60cM distal to Tyrpi, 2.6+/-I .5cM proximal to Ifna/Jun. This was determined by 
interspecific backcross interval analysis using the flanking markers Tyrpi, Ifna, Jun and 
Pgm2 and suggested that Cerl could possibly map in the 1(4)2Rn region. This gene is the 
mouse homologue of the Xenopus Cerberus gene (Shawlot et a! 1998) which encodes a 
secreted factor that is expressed in the anterior endomesoderm of gastrula stage embryos. 
Injection of Cerberus mRNA into Xenopus embryos can induce the formation of ectopic 
heads (Bouwmeester et a! 1996). Cerl is predicted to play an analogous role in mouse head 
formation because it is expressed in anterior regions of the mouse gastrula (Biben et a! 
1998). In somite stage embryos expression is restricted to the most recently formed somites 
and in the anterior presomitic mesoderm (Shawlot et a! 1998). This, along with germ layer 
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explant recombination studies suggest that Cerl may play a role in anterior neural induction 
and somite formation during mouse development. It may be predicted that homozygous 
deletion of a gene whose product has such a basic and important function in development 
would be lethal. 
3.4.2 Deletion mapping of the Cerl gene 
Primers were designed by Ian Jackson to amplify a fragment of the gene that included a 
small simple sequence repeat, predicted to be polymorphic in length between two mouse 
species. This fragment was polymorphic between Mus musculus and Mus spretus DNA and 
the primers were therefore used to map the gene by PCR using DNA from each of the 
deletions carrying a Mus spretus chromosome by Ian Jackson. This determined that the Cerl 
gene was not separated by any deletion endpoint from the dep locus (see table 3.4) and 
mapped outside of and distal to the 1(4)2Rn critical interval. Deletions that extend as far as 
this do not appear to exhibit any more of a severe phenotype than 1(4)2Rn deletions that do 
not extend this far. Embryos homozygous for the 46UTHc deletion were examined at 
various stages up to e. 15.5 and as described in section 3.1.2 appeared normal. The Cerl 
mapping data makes it a candidate for the dep mutation described in section 3. 1, although it 
seems unlikely that a gene product capable of inducing head formation would result in a hair 
structure defect when mutant is not entirely implausible. Reduction in wild type activity of 
the Drosophila gene Hairless results in lost or defective bristle formation. The Hairless 
molecule is involved in the Notch signalling pathway where it is required for the correct 
control of sensory organ cell fates (reviewed by Artavanis-Tsakonas et a! 1995). Molecules 
involved in such fundamental cell fate determining pathways are highly conserved in 
evolution and often have multiple roles involving different developmental systems and 
different developmental stages. Both exons of the Cerl gene in mice carrying the original 
dep mutation have been sequenced and no changes in the coding region have been 
identified. 
3.5 Summary of data in the I(4)2Rn interval 
Although the phenotype data does not offer any explanation for the cause of death of the 
deletion homozygotes the study has narrowed the time of death to early neonatal life. A 
detailed observation of new-born litters from relevant 1(4)Rn2 deletion crosses may provide 
an explanation for the neonatal death. The critical interval for the 1(4)Rn2 gene (or genes) 
has also been further defmed by the identification of markers that further subdivide the 
deletion endpoints. A physical size estimate of the interval has been made of 1.46MB. This 
physical region extends further distal than the distally defining limit of the critical interval 
(the endpoint of deletion 9R75VH), but does not extend to the proximal defining limit of the 
interval (the endpoint of deletion 11 R30M). It is therefore a very rough estimate as the 
physical distance between two deletion endpoints need not be the same. The only candidate 
gene identified within this interval has not been found to contain a significantly long open 
reading frame; this may be due to a number of reasons. Most simply, the ORF may not yet 
have been reached from the 3' UTR and as the size of transcript has not been determined by 
northern analysis it is not possible to say what fraction of the full length transcript has been 
identified. The level of sequence conservation between the human and mouse virtual 
transcripts is higher than is usually observed in untranslated sequence. As so many 
sequences from several different sources are present in the contig this is not likely to be due 
to cross species contamination of the libraries. Alternatively, the gene may be an expressed 
pseudogene that has lost its ORF, although this is not likely because no other related gene 
has been found through database searches or seen on Southern blots. Also, the gene maps to 
the within the region of conserved homology in man and mouse making it unlikely to be a 
dispersed, processed pseudogene. It appears that the mouse cDNA clone isolated and several 
of the IMAGE clones from which ESTs derive were primed not from the PolyA tail of the 
transcript but from an internal or possibly genomicly encoded polyA tract. Contamination of 
cDNA libraries with genomic DNA is not uncommon and would result in non transcribed 
sequence being in the contigs. This would explain why no long ORF could be found, 
however, the level of sequence identity shared between human and mouse however is too 
high to be genomic DNA. An alternative explanation is that the functional gene product is 
an untranslated RNA, examples of this include the Xist and H19 genes (Reviewed by 
Rastan, 1994 and Wrana, 1994 respectivley). Further transcription analysis may provide 
answers. Due to the size of the 1(4)Rn2 critical interval it is likely that other genes may be 
present in the region, these may be identified by other gene isolation techniques such as 
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Figure 39 Summary of mapping data in the 1(4)Rn2 region 
The results of deletion, physical and genetic mapping are summarised in this table. Deletion 
chromosomes are represented by shaded bars, phenotype analysis indicates that the I(4)Rn2 
locus is somewhere between the grey dashed lines. ND denotes result not determined, the 
order of markers not resolved by deletion mapping is given based on the physical mapping 
data presented in figure 3.3. length of lines do not infer physical distance. 
Analysis of the baf locus 
4.1 Introduction 
Gene Rinchik (1994) determined that homozygous deletion of the baf locus results in a 
variable, sub viable phenotype, as described in section 1.7.1. This locus could not be separated 
from Tyrpi by any distal or proximal breakpoints and must therefore map close to Tyrpi. In the 
initial phenotype study, all crosses that were made that complemented prenatal lethality 
resulted in TyrpIe/Tyrp1 mice with the baf phenotype. Later, unpublished, studies 
determined that some compound deletion heterozygotes that deleted a minimal region around 
Tyrpi resulted in normal, viable mice. These were Tyrp10Z  and Ty,p46UThC  crossed to Tyrp1 
37DTDTy,p133G and Tyrpi THOIV  (Figure 4.1). This indicates that there are at least two genes 
involved in the baf phenotype, one proximal and one distal to the Tyrpi locus. The region 
appears complicated by at least one non linear deletion, figure 4.1 shows that the distal extent 
of one baf deletion end point (47DThWB) is not as far distal as the endpoints of TyrpP 6111 and 
TyrpP 621' which are both viable when homozygote. This may be explained by a number of 
possibilities. The deletion endpoint of Tyrp I "7DnWB may be rearranged, this has been seen a 
number of times in deletions in other SLT loci. Alternatively, the Tyrp1' 611' and TyrpP 621' 
deletions which were generated at Harwell may be deleted for the baf gene(s) but not exhibit 
the baf phenotype seen in all other deletion because of a difference in genetic background. A 
third explanation is that the baf phenotype is not caused directly by specific gene loss but 
alteration of expression due to a position effect. One result of a deletion is that different genetic 
material, which may affect gene activity, is bought into closer proximity to the gene(s) adjacent 
to the deletion breakpoint. 
A number of deletion combinations, all complementing for prenatal lethality, were obtained in 
order to identify any phenotypic differences between homozygous deletion of the distal or 
proximal baf genes and to establish if the extent of the deletion had an effect on phenotype 
severity. Basic phenotype analysis was carried out on the offspring listed in table 4.1 between 
19 and 21 days after birth (pre-weaning). More in depth behavioural analysis was carried out on 
the few compound heterozygote animals that had survived to adulthood. 
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Figure 4.1 Deletion map for phenotype analysis 
Each box represents a marker or cluster of markers that define the deletion endpoints of the deletion chromosomes (drawn in blue) which are listed in 
the left hand column These markers are shown on either figure 1.7 or 4.10. Genes or functional units are shown are Tyrpi, 3' fragment of the Muppi 
gene, 5' fragment of the Muppi gene, 12 = 1(4)2Rn, and dep = depilated. The Striped area indicates the region that can not contain a bat gene (explained 
in the text). Compound heterozygote animals that are homozygously deleted for the regions shown as proximal, distal 1 and distal 2 are grouped 










9R75VH 37DTD 1 6 PROXIMAL 
9R75VH 33G 5 28 PROXIMAL 
5CHLe 37DTD 2 7 PROXIMAL 
5CHLe 33G 2 11 PROXIMAL 
5CHLe 1THO-IV 2 7 PROXIMAL 
9R75VH 1THO-IV 1 6 PROXIMAL 
TOTAL 13 65 PROXIMAL 
37DTD 1FCHLc 2 15 PROXIMAL+DISTAL2 
33G 1 FCHLc 1 7 PROXIMAL+ DISTAL 2 
1THO-IV 1FCHLc 3 23 PROXIMAL+DISTAL2 
9R75VH 1 FCHLc 1 8 PROXIMAL+DISTAL 2 
173G 1 FCHLc 1 8 PROXIMAL+DISTAL 2 
47DTHWb 1FCHLc 1 8 PROXIMAL+DISTAL2 
TOTAL 9 69 PROXIMAL+DISTAL2 
10Z 47DTHWb 2 13 DISTAL 1 
1OZ 173G 2 10 DISTAL 1 
173G 46UTHc 1 4 DISTAL 1 
46UTHc 47DTHWb 3 6 DISTAL 1 
TOTAL 8 33 DISTAL 1 
1OZ 47DTHWb 1 8 DISTAL 2 
46UTHc 1FCHLc 1 3 DISTAL  
1OZ 49HAThc 6 39 DISTAL 2 
10Z 3YPSc 3 14 DISTAL 2 
1OZ 1DF10D 3 20 DISTAL 2 
1OZ 55COS 2 12 DISTAL 2 
46UTHc 49HAThc 3 18 DISTAL 2 
46UTHc 3YPSc 2 12 DISTAL 2 
1 DF1 OD 46UTHc 1 7 DISTAL 2 
46UTHc 55C0S 2 16 DISTAL 2 
TOTAL 24 149 DISTAL 2 
TOTAL 54 326 
Table 4.1 crosses used for baf phenotype studies 
This table shows the number of each cross used and the region which is homozygously deleted 
in compound heterozygotes that result from each cross. The Phenotype data from all 326 mice 
is used in this section. 
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Molecular analysis of the locus was also undertaken by mapping transcripts that had been 
isolated from a number of sources to the region. The mapping and expression analysis of these 
potential candidate transcripts is discussed at the end of this chapter. 
4.2.1 Investigation of pre-weaning death 
The baf phenotype often resulted in death before weaning. However this was not always the 
case and offspring from compound deletion crosses that were examined and sacrificed at 19 to 
21 days after birth were classified or genotyped to detemine if the expected ratio of homozygote 
to heterozygote and wild type mice were present at this time. The majority of mice were 
classified by coat colour as each deletion heterozygote used for breeding was also heterozygous 
for the Tyip1 allele. The brown coat colour of Tyrp1 11 Tyrpi 
21  is easily distinguished 
from the paler Tyrp lB / Tyrp1 coat colour and the Tv,p lBw / TyrpJ coat which is brown 
with white at the base of the hairs. Figure 4.2 shows three typical siblings from a cross of two 
Tyrpl / Tyrp mice. 
Figure 4.2 Colour types of Tyrp? ° / Tyrp1' X Tyrp1 °'/ Tyrpl 8w offspring 
The mice shown above are the three classes of offspring obtained from a cross between two 
Tyrp1'/ Tyrpl 8w mice. The palest mouse at the bottom of the image is a Tyrp1' homozygote, 
the middle mouse is a Tyrp1 °'/ Tyrpl Bw heterozygote (the white base of the fur is more evident 
when the fur is held back). The smaller mouse at the top of the picture is a Tyrp1b 
homozygote, this is evident from the darker coat colour, the mouse is also exhibiting the baf 
phenotype and is therefore considerably smaller than its littermates 
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Some mice are not easy to classify in this way due to poor condition of the fur, In such cases 
DNA was prepared from the tail biopsies of the mice (section 2.4. 1) and genotyped by PCR 
(2.12.1) using oligos L174 and R174 to test for the presence of marker D4Mit 174 (A 
microsateilite in the Tyrpi gene) and the oligos M539 and M540 (from the unlinked Mclr 
gene) as a PCR control. This PCR genotyping distinguishes only between mice with a 
homozygous deletion of Tyrpi and those heterozyogous or wild type and was carried out by 
Ruth Suffolk, an example can be seen in figure 4.3. 
- + - + ND+ ND NI 
I 
	
4 	 z%'Iclr product 
Mit174 product 
Figure 4.3 Genotyping Tyrp1'1Tyrp1"intercross offspring by PCR 
DNA prepared from tail biopsies were subjected to PCR as described in section 2.12.1 and 
products were run on a 4% Nusieve gel. Arrows indicate the specific products present, lanes are 
identified by -,= Homozygous deletion of Mit174, + = heterozygous or wild type, ND = Not 
Determined due to inconclusive positive control band, and M= Marker X/Haelll. 
Table 4.2 shows that less than the expected 25% of offspring at 19-21 days after birth were 
compound heterozygotes (homozygously deleted for the baf interval or intervals). The 
percentage of compound heterozygotes seen in litters of each class of cross does not appear to 
be consistent. There appears to be no significant loss of mice with homozygous deletion of the 
distal 1 region whereas there is significant death of mice with homozygous deletion of the 
proximal and distal 2 region. This difference may be due to the fact that 19 out of the 33 
offspring in this class carry the 47DThWb deetion which appears be a non linear deletion. This 
may suggest that there is a gene required for early survival in both the proximal and the distal 2 
region, homozygous deletion of which is not completely penetrant at 19-20 days. Alternitively, 
the deletion a gene on one side of the Tyrpi locus may have the same or similar phenotypic 
effect as the deletion of the non-coding region which is required for correct expression present 
on the other side of Tyrpi. However there is no significant death at this stage of mice with 
homozygous deletion of both the proximal and distal 2 regions. This may be because the 
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phenotype is caused not by gene deletion but by an alteration of gene expression due to a 
position effect that does not effect the larger deletions. 
Deletion class 	Total 	% mice 	x2  Value 	Significant 
number of 	Tyrpi b-eI1 	 at 1 % level 
mice 	Tyrp1el 	 (ld.o.f) 
Proximal baf 57 10% 6.36 YES 
Distal baf 1 38 28% 0.21 NO 
Distal baf 2 132 13% 14.70 YES 
prox. + distal 2 58 17% 1.8 NO 
All combined 237 15% 13.35 YES 
TabIe4.2 Pre-weaning lethality in classes of Tyrp1/ Tyrp1mice. 
Evaluation of the percentage of Tyrpi eI  Tyrpi 	' mice at 19 to 21 days present in litters of the 
three different classes of compound deletion. The x2  Values were determined as described in 
section 3.1.1 and compared to the x2  table value of 6.0 which is significant at the 1% level with 
one degree of freedom. 
4.2.2 Weight analysis of pre weaning mice 
All mice were weighed at P19 to 21 and the average weight of each genotype in each litter was 
determined. The percentage of the wild type weight that the average Tyrpl'I Tyrp1 and 
Tyrp]' /Tyrp1 mice weighed in each litter is compared in figure 4.4 which shows that on 
average Tyrpl'/ Tyrp1' mice weigh 90% of their wild type littermates and Tyrpl'/TyrpP' 
del weigh only 70% of the average wild type mice. A comparison of the different homozygous 
deletion regions is also made in figure 4.4, there appears to be no significant difference between 
the average percentage of wild type weight for proximal homozygous deletions and distal 1 
region homozygous deletions. Mice homozygously deleted for the distal 2 region are 
significantly smaller, as are mice homozygously deleted for both the proximal and distal 2 
region, which appear to be affected the most. Because the classifmg and genotyping methods 
used do not determine which deletion each heterozygote mouse is carrying it is not possible to 
determine if any particular region of the baf interval is involved in the 10% reduction in weight 
seen in heterozygote mice. This phenotype is complicated by the fact that hemizygosity of part 
of the mouse genome generaly results in a reduction in size. Some baf compound heterozygotes 
will have a much larger region of hemizygosity than the viable compound heterozygotes which 
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would therefore be a better control in an analysis of the effect of deletion of subregions of the 
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Figure 4.4 Weight analysis at P19-P21 
Figure shows the average difference between the average weight of the 236 wild type and 
deletion carrying mice listed in table 4.1. Values for each group are expressed as percentages of 
the wild type animals and error bars show the standard error of the mean. 
4.2.3 Tail suspension behaviour 
The tail suspension assay is used as a test procedure for antidepressants, a mouse is suspended 
by the tail from a lever and the movements of the animal are recorded. The total duration of the 
test (6 mm) is divided into periods of agitation and immobility. Antidepressant drugs decrease 
the duration of immobility, as do psycho stimulants and atropine (Steru et al, 1985). The results 
for specific drugs are concordant with those of the validated "behavioural despair" test from 
Porsolt (see section 4.3.4). An unusual behaviour when suspended by the tail was displayed by 
a number of the compound heterozygote mice studied. Figure 4.5 Shows three litter mates at 15 
weeks of age from a cross of Tyrp19R75ITyrp1'  and  TyrplbG/Tyrpl/  mice. This unusual 
behaviour of curling up and clasping the hindpaws has previously been observed for two 
transgenic mutants, Cyclin Dl knock out mice (Sicinski et a!, 1995) and the Huntingtons 
disease transgenic mice (Mangiarim et al, 1996). The Huntingtons disease transgenic mice have 
an expanded CAG repeat in exon 1 of the HD gene and have also been observed, among other 
neurological defects, to make the characteristic vocalisations described in section 4.2.4. The 
range of other neurological phenotypes seen in these mice mutants does not suggest any 
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particular common defect, this behaviour maybe common in mice with developmental delay or 
growth retardation. 
Figure 4.5 Tail hanging behaviour of baf mice 
Pictures show three litter mates at 15 weeks of age from a cross of Tyrpl9R75VH/TyrplB'  and 
TyrplG/Tyrp1' mice. The top two mice are compound heterozygotes (homozygously deleted 
for the proximal bat region) demonstrating the abnormal leg clasping behaviour. Below is a 
TyrpiB /TyrplBW littermate displaying the normal tail suspension behaviour, both heterozygote 
mice in the litter (not pictured) behaved in the same way. 
The pre-weaning mice were all suspended by their tails for approximately one minute and their 
behaviour recorded as either normal or abnormal if they curled up and clasped their hindhmbs, 
no quantitation of movement was made. Figure 4.6 shows that no Tyl '/Tyrpl mice 
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behaved in this way and the percentage of mice displaying this abnormal behaviour was far 
higher for than YrPIBW mice of all deletion classes. There does 
not appear to be a difference between the percentage of abnormal mice with proximal or distal 
homozygous deletions. Those mice homozygously deleted for both regions appear to show a 
higher percentage of abnormality and may be expected as this group of mice appear smaller, 
their growth possible more retarded than in mice with homozygous deletion of a single baf 
region. The data does not therefore suggest that homozygous deletion of any particular sub 
region of the baf interval is responsible for this phenotype. It is interesting to note that a small 
percentage of mice with heterozygous deletions exhibited this behaviour. Unfortunately the 
genotyping method used does not reveal which deletion each heterozygote is carrying so that it 
cannot be determined if heterozygous loss of any particular region is sufficient for the tail 
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Figure 4.6 Analysis of tail suspension behaviour 
The percentage of mice tested exhibiting abnormal, leg clasping behaviour are shown 
comparing percentage of all 236 mice tested to homozygous deletion of both Distal and proximal 
regions (Both), the Distal 1, Distal 2, and Proximal regions. The numbers of mice in each class 
is shown in table 4.1. 
4.2.4 Continuation of vocalisation 
New born mice make a sound which resembles teeth chattering from cold but is likely to have a 
respiratory basis as it occurs from birth when the mice have not yet developed teeth. It is 
hypothesised that new born mice make this sound to communicate the need for attention from 
their nursing mother (Lee Russell pers com). Wild type mice stop making this noise at 
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approximately one week of age, presumably because they no longer need to make this sound for 
their mothers attention because they are able to find their mother themselves. Many of the 
compound heterozygote mice were heard to make this sound after this stage and continued up 
to 2 weeks after their wild type or heterozygote littermates had stopped localising in this way. 
The only example of this continuation of vocalisation identified in the literature is the 
Huntingtons disease transgenic mouse model (Mangiarini et a!, 1996) described in 4.2.3. At 
between 19 and 21 days after birth the mice were held close to the ear (the sound is relatively 
quiet and difficult to hear in a noisy room) and it was recorded if the characteristic sound was 
being made or not. The graph in figure 4.7 shows that the percentage of mice making this sound 
is much higher in all compound deletion classes than heterozygously deleted or wild type mice. 
Again, mice homozygously deleted for both the proximal and distal regions of the baf interval 
appear to be more likely affected than homozygous deletion of either region alone and the 
deletion of the proximal region only appears to have less of an effect on this behaviour. A few 
IBW 
 / IBW  mice were observed to be making the sound suggesting that the continuation 
of this vocalisation is not specific to deletion of this region but may be evident in other weak or 
sick young mice. This behaviour is therefore likely to be an indicator of developmental delay or 
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Figure 4.7 Analysis of vocalisation 
Graph showing the percentage of mice continuing to vocalise at p19-21. Both refers to 
mice homozygously deleted for both the proximal and distal baf regions. The number 




4.3 Behavioural analysis of adult baf deletion homozygotes 
The majority of baf deletion homozygotes die within or soon after the first few weeks of birth, 
occasionally animals survive beyond this age and twelve of these were subjected to behavioural 
tests to determine if they displayed any obvious abnormalities. These animals included four 
with homozgous deletion of the proximal region only, three of the distal region, three of both 
the proximal and distal 1 region and one mouse was homozygously deleted for the proximal and 
distal 2 regions. All mice were over 2 months old when tested. Initially the gross neurological 
function was assessed using a subset of tests suggested by Crawley and Paylor (1997) and 
Richard Paylor (pers comm.) from the screen described by Irwin (1968). These observations are 
relatively basic and are only useful for detecting severe neurological dysfunction. 
4.3.1 Gross neurological assessment based on the Irwin screen 
Each mouse was placed in a cage for 3 minutes and observed for the presence of abnormal 
spontaneous behaviour such as excessive grooming, wild-running, freezing or abnormal 
posture. None of the mice observed exhibited such bizarre behaviours. The response of each 
animal to an approaching object (cotton bud or rubber tipped pencil) was observed, all mice 
displayed the typical response of sniffing the object then turning away to avoid it. Several 
reflexes were then measured. The righting reflex was measured by turning each mouse on its 
back and observing the time taken to right itself to an upright position, all mice tested achieved 
this immediately. The eye blink and ear twitch reflexes were observed as normal in all mice by 
touching the eye and tip of the ear with a cotton bud. The whisker orienting reflex was also 
measured by lightly touching the whiskers of each freely moving mouse. Since the whiskers are 
continually moving, the whiskers of a normal mouse will stop when touched and normal mice 
will turn their head to the side on which the whiskers are touched. This behaviour was observed 
in all mice tested. A 'click-box' was used to determine if the mice could hear, this device emits 
a high pitched sound that produces a prairie reflex, twitching of the pinna of hearing mice. All 
mice tested were observed to respond to the sound. 
4.3.2 The open field test 
Locomotor activity was evaluated by using a Real Time Photo-Beam Activity System (San 
Diego Instruments) open-field arena. Four primary variables were recorded by counting beam 
breaks in every 15 seconds for 4 consecutive 5 minute time intervals. Horizontal activity and 
total distance was calculated to quantitate overall locomotion, vertical activity was recorded to 
quantitate rearing and centre distance. Difference in the ratio of centre distance to total distance 
can be used as a preliminary indicator of anxiety, highly anxious mice tend to avoid the centre 
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of an open field (Crawley et al 1989). Because the activities were recorded in 5 minute blocks 
any change in activity with time can be observed. Overall activity in normal mice tends to 
decrease over time, a measure of habituation to the novelty of the open field. No consistent 
differences were found between the 12 deletion homozygotes and 11 heterozygote or wild type 
mice observed for any of the variables examined. It may be suggested that the test is probably 
not sensitive enough to pick up subtle differences in the open field behaviour of a small number 
of mice. 
4.3.3 The Rotarod test 
Motor co-ordination and balance were tested using an accelerating rotarod. Mice were given 
two trials in which the rotation speed increased from 4 to 40 revolutions per minute in a 5 
minute period. One hour later the mice were tested by placing on the rod which immediately 
began rotating at 20prm the time taken until the mouse fell off was recorded and the mouse was 
then replaced on the rod rotating at 40rpm, again the latency to fall off was recorded. A total of 
12 homozygous deletions (5 male, 7 female) and 10 heterozygotes or wildtypes (5 of each sex) 
were tested. The results of this test (Figure 4.8) demonstrates that wild type and heterozygote 
mice had significantly longer latencies to fall off the rotarod at both speeds. This suggests that 
the motor co-ordination or balance of the homozygote mice was impaired, although it must be 
taken into consideration that the two groups of mice compared were not age matched (the age 
range of mice in both groups was two to three months of age) and the testing conditions were as 
described in section 4.3.5. To further investigate the balance of these mice they were placed on 
a surface angled at 450 facing down the slope. All mice demonstrated positive geotaxis by 
turning around and climbing up the slope, indicating normal vestibular functioning (Karen Steel 
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Figure 4.8 The rotarod test 
The latency to fall off the rotarod at two speeds is compared for two groups of mice. Eleven 
deletion homozygotes (1vrp1'1Tyrp1' ) and 10 controls (including Tyrp1eh/+  and +1+) were 
tested. A significant difference is observed between the two groups of mice at both rotarod speeds. P 
values for differences between the two groups at 20rpm and 40 rpm are 0.001 and 0.01 respectively. 
4.3.4 The Porsolt swim test 
The Porsolt swim test was originally based on the observation that when a rat is forced to swim 
in a situation from which there is no escape, after an initial period of vigorous activity, will 
eventually cease to move, making only the movement necessary to keep its head above water 
(Porsolt et a!, 1977). It is believed that this characteristic behavioural immobility indicates a 
state of despair in which the animal has learnt that escape is impossible. The test is commonly 
used in rats to evaluate psychotropic drugs and has been adapted for testing mice for use in both 
the evaluation of transgenic or knockout mice (Crawley and Paylor 1997) and in mutagenesis 
screens (Nolan et a!, 1997). The mice were placed in a five litre glass cylinder (height 35cm, 
diameter 15cm) containing approximately two litres of water at 25°C. The activity of the mice 
over a seven-minute period was recorded in two ways simultaneously; the behaviour of the 
mouse was scored manually every 15 seconds as, swimming, immobile, climbing, or treading. 
At the same time a second observer recorded the same behaviours of the mouse each time it 
changed using the ACT Porsolt computer programme. This provided two independent records 
of the animals behaviour. Table 4.3 identifies that while the scoring of activity (the sum of 
climbing, swimming and treading,) and immobility is consistent between the two methods, the 
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scoring of different active behaviours is not. The average values for immobility (the inverse of 
total activity) were therefore considered when comparing the groups of mice. 









Hand scored average % 11.1 3.7 51.6 32.02 67.98 
Combined average % 13.68 2.89 46.07 34.41 65.59 
Average difference 5.17 1.61 11.1 2.4 2.4 
Ave. duff. As % of mean 37.8 55.7 24.09 6.9 6.9 
Table 4.3 Evaluation of the scoring methods used for the Porsolt swim test 
The average percentage of time spent during the seven-minute test period displaying each 
category of behaviour measured by either computer or hand-scoring methods is shown. The 
combined average and the average difference between the two methods for each behaviour are 
also shown. The values in bold are the percentage of the mean of the average difference in 
each behaviour category. This shows that the two scoring methods are not consistent for the 
swim, tread and climb categories, the scoring of immobility or general activity appears to be 



















Figure 4.9 The Porsolt swim test 
The percentage of time spent immobile during the seven minute test is shown for each group of 
mice compared. Prox. refers to mice with homozygous deletion of the proximal baf region (n=6), 
Distal refers to homozygous deletion of the distall baf region (n=3), prox. + distal refers to mice 
with homozygous deletion of both regions and distal 2 (n=4), All refers to all deletion 
homozotes combined (n=13), The control mice used included 5 wild type mice (Tyrp1'I 
Tyrpi ) and five different deletion heterozygotes (Tyrp1"!Tyrp1'). 
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The average amount of time spent immobile for each group of mice is shown in figure 4.9. The 
average of which for all the compound homozygotes tested is slightly more than the control 
group althougth the error bars show that this is not highly significant. A comparison between 
mice of different genotypes tested reveals that mice homozygously deleted for the distal 1 
region were most active and the difference between the data combing all deletion homozygotes 
and controls appears to be a result of this as those with homozygous deletion of the proximal 
region displayed activity comparable to the control group. This may suggest that the despair or 
mood state, as measured by the Porsolt swim test, of the distal deletion homozygotes may be 
abnormal compared control group however as only a small number of animals were tested in 
conditions that were not completely standardised (section 4.3.5) further investigation into the 
behaviour of the deletion strain in this test must be carried out to be confident of any significant 
differences. 
4.3.5 Summary of the behavioural analysis 
Because of the small number of adult deletion homozygotes available behavioural testing was 
carried out to provide a descriptive survey of the neurological status of the mice. The Age of 
the mice tested varied from two to four months of age, ideally test subject should be the same 
age. Mice were not placed in the behaviour testing room for a standard length of time before 
testing, most mice were placed in the room at least one hour before testing. They were not all 
tested at the same time of day, ideally all mice should be tested at the same time in their normal 
light/dark cycle. Conditions in the room were not strictly controlled, with a natural light source 
and frequent noise and movement distractions. The environment was therefore not appropriate 
for the thorough and accurate analysis of mouse behaviour and any result generated in such an 
environment must be treated with caution. These preliminary studies do however identify that 
mice with compound deletions in the baf interval are poor performers on the rotarod test, 
indicating a motor co-ordination or balance problem in these mice which could be further 
investigated. 
4.4 Mapping of candidate transcripts in the baf region 
A BAC partial contig of the distal baf candidate interval was generated by Julia Bell and Ruth 
Suffolk by screening the Research genetics BAC library and the gap in this contig was filled 
with PAC clones by Andy Haynes (Figure 4.10 ). The YAC 56E7 had been used for exon trap 
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Figure 4.10 Integrated map of the bat interval 
Thin black line represents YAC 56E7.BIue lines represent BACS. 	 Thick black lines represent deletion chromosomes which are 
labelled bat or viable based on phenotype when crossed to a non proximal baf chromosome (Bh5+6 are Tyrplb6 H and Tyrpl 621 ). B represents Tyrpi, all 
An markers are end fragments from BAGs or YACs all other markers in black are from sample sequencing experiments- 	 on 
Green markers are selected cDNAs from either BAC29 or BAC290. 	 - 	 I 	 i/ 
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Not all identified clones appeared to be expressed when analysed by RT-PCR, none of the 
clones that appeared to be real exons mapped in the baf critical interval. The clones BAC 
clones 290L2, 29H12 and the PAC clone 604d3 were used for cDNA selection by Ruth Suffolk. 
This was achieved by digesting the clones with Sau3A, removing repeats by hybridisation with 
Cotl DNA and hybridisation with e16.5 total embryonic cDNA. Bound fragments were 
recovered by PCR and cloned using the TA cloning kit. Ruth initially mapped each clone back 
to the BACS and PACS by hybridisation, and all positives were mapped to the deletions. 
Any cDNA clone mapping close to the baf interval was analysed by RT-PCR to determine if 
expression was lost from any of the baf deletion chromosomes due to loss of either adjacent 
coding region or regulatory element of the gene. Two such clones were identified and RT-PCR 
(section 2.12.6) was carried out on RNA from the critical baf deletions. The sequence of clones 
290A9 and 290B3 overlapped showing that they were derived from the same transcript which 
was found to be present in only the BAC from which it derived and in the Tyrpib-173G  and 
Typlb 47' t" deletions. RT-PCR determined it was also expressed from these deletion 
chromosomes (figure 4.11A ). PCR analysis also suggests that it is not part of the Muppi 
transcript as no product was obtained when RT-PCR was performed between 290A9 primers 
and Muppi primers in either direction. Clone 293c was isolated from the cDNA selection 
experiment using BAC 291112 and was found to be deleted from the TyrpP73G  deletion but not 
Tyrpl 7'". Again RT-PCR determined that the transcript was expressed from the TyrpP 
47DthWb baf deletion chromosome. (figure 4.1 1 B).This excludes both transcripts as candidates for 
the distal baf gene. The sequence of both clones was used to search the nucleic acid databases 
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Figure 4.11 RT-PCR analysis of two selected cDNA5 
Figure A shows RT-PCR results using primers P221 and P223, samples 1 and 2 are RNA 
prepared from the brains of Tyrpl 73G/Tyrp1 and compound 
heterozygotes respectively. Sample C is the e16.5 RNA used for the cDNA selection 
experiment. + refers to test reactions and - refers to control reactions that did not include AMV 
RT enzyme. Figure B Shows RT-PCR results using the primers P??? And P???. Samples 1 to 
4 are brain RNA prepared from the compound heterozyqotes; Tyrp1 
173G/Tyrpb 9R75VH Tyrp173GITyrpt9R75VH, and TYrP 1 b-4 7DIIIMITyrp 1 1"46UlhlC No reactions without 
AMV RT enzyme were required to control for contaminating DNA as the fragment could not be 
amplified from genomic DNA, suggesting that it contains an intron, exon boundary. Gapdh 
primers were used to show that the samples were intact. 
Of the transcripts obtained from the human transcript resources (see chapter 6) only one, 
IMAGE clone 28019, mapped close to the baf interval. This transcript was initially found to 
show homology to the rat Presynaptic density protein 95 gene (Psd95) and was subsequently 
analysed in much greater detail. The results from this analysis is the subject of chapter five. 
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Analysis of the PDZ domain containing gene in the Tyrpi deletion complex 
5.1 Introduction 
PDZ domains gained their name from the three proteins that were first identified to contain 
them. These were the Post-synaptic density protein PSD-95, the Drosophila Discs-Large 
septate junction protein and the epithelial tight-junction protein Zona Occiudens, ZO- 1. 
Over 50 mammalian and Drosophila PDZ domain containing genes have been recognised so 
far and PDZ domains can also be found in the sequence databases of the C.elegans and 
Fugu rubripes sequencing projects. Evidence for PDZ like domains in yeast, plant and 
bacterial genomes has been provided by sequence analysis; including local alignment, 
profile, and motif database searches (Ponting 1997). The domain consists of an 
approximately 90 base pair long unit, which is often repeated in the protein. The protein 
encoded by the domain has been likened to an antibody where the majority of amino acids 
form a conserved spatial structure whilst a few amino acids in critical positions confer 
binding specificity. A subgroup of PDZ domains have been shown to recognise a short 
carboxy-terminal amino acid motif, tSXV*  (Ser/T1ir-X-Val-000 where X is any amino 
acid, and Val can be substituted with other hydrophobic residues). X-ray crystallography 
studies of the third PDZ domain of PSD-95 in complex with, and in the absence of its 
binding peptide has shown that the four terminal residues of the tSXV containing peptide fit 
into a binding pocket formed by the PDZ domain (Cabral et al 1996 and Doyle et al 1996). 
Binding occurs through antiparallel mainchain interactions with a 0 sheet, the carboxylate 
group is recognised by the GLGF loop and an arginine sidechain. The hydroxyl group of the 
-2 threonine of the peptide forms a hydrogen bond with a histidine residue in an a helix of 
the PDZ domain. 
PDZ containing proteins are most often localised to highly specialised submembranous sites 
including synaptic, tight, septate, gap and neuromuscular junctions. This would suggest they 
participate in cellular junction formation, receptor or channel clustering, and intracellular 
signalling events, and indeed many examples of PDZ gene function have shown this is the 
case. At these sites PDZ proteins are involved in signalling pathways either directly, if they 
contain kinase, phosphatase or SH3 domains, and/or indirectly, by acting as a scaffold to 
localise other proteins required for signal transduction. One function of this may be to 
increase the efficiency and therefore the possible speed of signalling which would be of 
obvious benefit in systems such as phototransduction. Much work has focused on the 
organisation of synaptic signalling pathways by PDZ domains, including the roles of PSD95 
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and nNOS (neuronal Nitric Oxide Synthase) in clustering NMDA type glutamate receptors 
and Shaker K channels (Niethammer eta! 1996 and Kim et a! 1995). The Drosophila multi-
PDZ protein INAD (inactivation-no-afterpotential D) was shown by Tsunoda et a! (1997) to 
be required for the formation of a multi-protein complex required for photoreceptor 
function. This complex was originally thought to consist of an INAD monomer to which 
five signalling molecules stably bound and was described as a 'transducisome'. Current data 
now suggest that a massive signalling web or 'signaiplex' consisting of an INAD 
homopolymer to which virtually all of the signalling proteins are attached via complex 
multivalent interactions exists (Xu et a!, 1998, Van Huizen et a! 1998). Figure 5.1 
demonstrates how 1NAD organises the signalplex in the fly eye which contains all 
components of the signalling pathway from receptor through to ion channel. It has been 
suggested (Tsunoda et a! 1997) that other multi-PDZ proteins may organise signalling 
complexes in other signalling pathways, particularly those that involve G q and PLCf3. All 
four of the PLC3 isoforms known and 50% of all known Gq-coupled receptors contain a 
PDZ domain binding site (Ranganathan and Ross, 1997). 
Figure 5.1 Organisation of the INAD 'signaiplex' 
This figure from Montell (1998) shows the proteins that interact with INAD in the signalplex. 
The pink and cream INAD proteins homomultimerize through PDZ domains 3 and 4. Binding 
to all target proteins except CaM is also mediated through PDZ domains. Target proteins 
include; Phospholipase-C (PLC), Protein Kinase C (PKC), Rhodopsin (Rh), Transient 
Receptor Potential Protein (TRP), TRP-like (TRPL), and Ca2 /calmodulin (CaM). 
5.2 Deletion mapping 
A probe prepared from the human IMAGE clone, 28019, corresponding to the 3' end of the 
gene was initially mapped to the deletions as described in section 1.10.2. This was possible 
as the human clone cross hybridised successfully to mouse DNA. Figure 5.2 shows the 
result of this mapping, which placed the clone distal to the endpoint of five baf deletions 
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(figure 4.1 and 4.10). This does not automatically dismiss the gene as a baf candidate as 
these deletions may delete the 5' end of the gene or loss of important regulatory elements in 
the adjacent genomic DNA may result altered expression of the gene and hence a mutation 
phenotype. 
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Figure 5.2 Deletion mapping of clone 28019 
Southern blot analysis to map the human IMAGE clone 28019 within the deletion complex 
was carried out as previously described utilising a Hindlll RFLV. Tracks S and M contain Mus 
spretus X Mus musculus Fl hybrid DNA and Mus musculus DNA respectively. The spretus 
specific fragment is indicated with arrow S, as are the musculus specific band and the non-
specific band as M and S/M respectively. The order of deletions over spretus labelled 1-27 
are, 1Tho-1V, 1DF10D, 47DthWb, 331K, 13DTD, 26R60L, 3YPSc, 1212u, 55Cos, 3YPSc, 
11R30M, 173G, (ilPu), 9Pu, 37Pub, 1OZ, (33G), 5lDthWb, 8Pub, 49HATh, 5CHLe, 
46UTHc, 13R75M, 1THO-IV,. Track 27 contains 9R75VH Homozygote DNA. Deletions in 
bold are deleted for the cDNA probe, those in parentheses could not be scored and were 
typed on a subsequent blot. 
When a probe from the 5' end of the gene was available (see 5.3.3) this was also mapped to 
the deletions by southern analysis, utilising an EcoRJ RFLV. This probe was absent from all 
the same deletions as 28019, but also from 13DTh, placing it distal to the 3' end, between 
D4Rckl4O and D4Jkn5. This shows that the transcript is made in a distal to proximal 
direction along the chromosome. 
The 5' and 3' derived probes were also used to map the gene to the physical contigs in the 
region. This was carried out by hybridisation of the probes to Southern blots containing 
YAC or BAC DNA. Alternatively PACs were tested for marker content by PCR. The 3' end 
of the gene was present in only BAC 290 of the Tyrpi contig (figure 4.10). The 5' end was 
not found to be present in any of the clones in the Tyrpi contig, this was suspected as the 5' 
region of the transcript was never isolated by cDNA selection or exon trap analysis carried 
out using genomic clones in this contig. Furthermore this confirms the deletion chromosome 
analysis indicating that the 5' end of the gene is even further distal to Tyrpi. The 5' probe 
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was also hybridised to the YACS in the 1(4)2Rn region contig, however none were found to 
contain this probe, indicating that the gene does not extend as far distal as the proximal limit 
of this physical contig. 
5.3 Sequence analysis 
53.1 Screening cDNA libraries 
To obtain mouse sequence of the PDZ gene a mouse brain cDNA library (gift from S.J. 
Mackay) was screened with the human IMAGE clone 28019 as described in section 2.13.2. 
several clones were isolated and automatically subcloned by co-infection with a helper 
phage (section 2.13.3). The largest of these clones contained an insert of only 600bp and 
was completely sequenced. This clone contained only 3' untranslated sequence and was 
therefore used to screen a 5 'strech library (2.13. 1) in an attempt to gain more sequence. This 
library was prepared from adult mouse brain eDNA, size selected for inserts over 500bp and 
cloned into the 2.gt 10 vector. Three clones were obtained that were sequenced and found to 
extend into the translated region of the gene (Figure 5.3). Screening of more X cDNA 
libraries may have obtained more 5'sequence of the gene, but was unlikely to isolate a full 
length eDNA. Alternative approaches were therefore taken. 
5.3.2 Database searching with the PDZ gene 
The IMAGE clone 28019 was used to search the EMBL and GenBank sequence databases 
by running the BLAST (Basic Local Alignment Search Tool) programme at HGMP-RC; 
(http://www.hgmp.mrc.ac.uk/Registered/Webappiblast/)  
The 25 Human ESTs identified were assembled into a 1.4kb contig and 6 mouse sequences 
were assembled into a 760bp contig (as described in section 3.3.1), the consensus sequences 
of which (figure 5.3) were used to frequently search the sequence databases as these are 
continually updated. A mouse sequence (accession number AFOO 168) was eventually 
identified in this way. The cDNA had been isolated by screening an expression library with 
the human adenovirus oncogene, 90RF and was subsequently published (Lee et a!, 1997). 
This isolation and the subsequent binding studies carried out demonstrated that the PDZ 
domain binding site in the viral protein was required for its transforming potential. It was 
also demonstrated that other cellular PDZ domain containing proteins, including the product 
of hDlg, a Mammalian Homologue of the Drosophila Discs large Tumour Suppresser gene, 
could bind to the 90RF protein in vitro. This partial cDNA sequence of 2703bp contained 5 
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PDZ domains but no other previously identified motifs. This sequence data was used to 
design primers for 5' RACE. 
5.3.35' RACE 
RACE was carried out by PCR between the 5' adapter primer and the gene specific primer 
(GSP) N37 table 2.3) as described in section 2.14.1. One microlitre of this reaction product 
was diluted 1:50 and used for a nested PCR reaction containing the nested adapter primer 
and the nested GSP N551. This reaction product appeared as a smear when gel 
electrophoresed and was cloned using the TA cloning kit described in section 2.14.2. Colony 
PCR was carried out on 48 of the colonies obtained with the internal primers N35 and N36 
and the vector primers F447 and E428. This identified which colonies contained clones of a 
specific PCR product and provided an estimate of the insert size. Eleven specific clones of 
up to 900bp were obtained. The PCR products generated using vector primers of the three 
largest inserts were directly sequenced (2.15.2). This gave 600bp of previously unknown 
sequence in the coding region of the gene This sequence data was used to design more 5' 
primers and the whole procedure was repeated using the GSP Q146 and the nested GSP 
Q145, extending the sequence by another 600bp (figure 5.3). After the second round of 5' 
RACE had been completed the full length cDNA of the orthologous rat protein was released 
into the public domain of the sequence databases. This gene, named Muppi, for multi-PDZ 
domain protein 1, was isolated in a yeast two hybrid screen using the C-terminal domain of 
the serotonin 2c receptor, 5HT-2Cr (Ulimer et al, 1998). The entire cDNA was found to 
contain thirteen PDZ domains and no obvious catalytic domain. The implications this has on 
the putative functions of the Muppl gene are considered in section 5.5. 
Sequence from the rat gene was used to design primers to generate a probe corresponding to 
the 5 'end of the coding region, this was used to map the 5' end of the gene to the deletions 
and the physical contigs (section 5.2). The sequence data was also used to design primers to 
generate RT-PCR products which were cloned and sequenced in an attempt to provide 
mouse sequence information for the remaining portion of the gene. 
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Figure 5.3 Sequence analysis of the PDZ gene 
This figure shows the alignment of the sequence fragments of the PDZ gene obtained. The published 
sequences include a human partial cDNA, the full length rat cDNA and the partial mouse cDNA 
(references shown in the figure) The R.S. RT-PCR clones were cloned and sequenced by Ruth 
Suffolk). 
5.4 Expression analysis 
5.4.1 Analysis of expression by RT-PCR 
Some information on the expression profile of the PDZ gene could be deduced from the 
cDNA libraries from which human and mouse IMAGE clones present in the EST contigs 
were derived from. These included human pancreatic islet, 9 week total foetus, pregnant 
uterus, endothelial cell, human fat cell, foetal heart, endometrial tumour, retina, skin, and 
brain libraries. This suggests that the gene is widely expressed in numerous human tissues. 
ESTs in the mouse contig were derived from two different libraries prepared from 4 week 
old heart or e12.5 total foetus. RT-PCR analysis was carried out as described in section 
2.12.6 on a number of tissues to determine if the expression is similarly widespread in 
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mouse. RT-PCR with the primers N35 and N36 showed expression in all tissues tested, eye, 
liver, spleen, brain, testis skin and heart. Embryonic tissue of various stages was also tested 
with these primers to determine when the gene is switched on. The gel electrophoresis of 
these RT-PCR products is shown in figure 5.4. This data shows that the gene is not 
expressed at e8.5 but is detected at e12.5 and every stage after that was tested, e.13.5, e14.5, 
e16.5 and post natal day 4 (p4) 
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Figure 5.4 Expression analysis of the PDZ gene. 
A shows RT-PCR products using the primers N35 and N36 on RNA from total embryonic 
tissue at the stage shown above the lanes. Brain tissue only was used from a P4 mouse. 
expression is clearly seen in all tissues except e8.5. No negative control PCRs of RNA 
without AMV RI enzyme were performed as this primer pair does not amplify from genomic 
DNA, the fragment must cross an intron exon boundary. DNA B shows RT-PCR products on 
the same RNA samples using the GAPDH control primers P108 and P109 (M represents 
Marker, 4xJHaelll, sizes are shown in figure A only), all samples are positive. 
To determine if the gene is expressed from the baf deletion chromosomes that do not delete 
the coding region of the gene RT-PCR was performed on RNA prepared from the brains of 2 
week old mice. RNA was prepared as described in section 2.5.1 and the mice were 
genotyped as described in the legend to figure 3.1. Electrophoresis of the RT-PCR products 
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are shown in Figure 5.5 which shows that the gene is expressed from both the Tyrp1i/3G 
and Typ1 71 " deletion chromosomes. The same RT-PCR analysis has shown that the 
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Figure 5.5 PDZ gene expression in baf deletions 
RT-PCR using the primers N35 and N36 on RNA from 2 week old brains, Lanes 1 and 2 
contain product from Tyrpl73ITyrpl FCHLc mice, 3,4 and 5 contain product from Tyrp1 YrP 
	mice and lanes 6 and 7 from 	 mice. M represents 
Marker, 4x/Haelll. The top set of lanes are test reactions, the lower set contain no AMV RT 
enzyme to control for contaminating DNA. 
5.4.2 Northern blot analysis 
Expression analysis by RT-PCR does not determine if the level of expression of the PDZ 
gene is altered by the deletion of adjacent DNA in those baf deletion chromosome that 
contained the coding region (Tyrp1' 736 and Tyrp147Dth).  Therefore, northern blot 
analysis was attempted. RNA was isolated, electrophoresed, blotted and hybridised as 
described in sections 2.5.2, 2.8, 2.9.2 and 2.11. Although a signal could be detected from the 
control Gapdh probe, no signal was detected with any of the PDZ gene probes made. This 
may be due to degradation of large RNA molecules during either the isolation or 
manipulation procedures. It was not therefore determined if the levels of expression of the 
PDZ gene were affected by the deletion breakpoints in close proximity of the gene. 
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5.5 Functional analysis of the PDZ gene 
Analysis of the predicted sequence of the MUPP 1 protein was carried out to consider its 
possible function. Figure 5.6 shows an alignment of the amino acid sequences predicted 
from the mouse and rat Muppi genes. The known secondary structure of PDZ domains and 
the position of residues predicted to contact the ligand are show in this figure. These 
residues were predicted based on the known structure of the rat PSD-95 PDZ3 domain 
(Doyle et a!, 1996 and Cabral et al, 1996). The amino acids in the critical binding positions 
are 100% identical in all three predicted proteins. Pairwise analysis shows that the mouse 
and rat proteins are 95% identical, mouse and human are 94.5% identical and rat and human 
are 94.9% identical over the entire length of known sequence 
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* 	****** * 	 * 
musMUPP1 	 ELLKPPCGGLGFSVVGLRSENRGELGI FVQEIQEGSVAHRD 
ratMUPP1 EELDQLIKSMAQGRHVEIFELLKPPCGGLGFSVVGLRSENRGELGI F'VQEIQEGSVAHRD 
240 
* 	* * 
musMUPP1 GRLKETDQILAINGQVLDQTITHQQAISILQKAKDTVQLVIARGSLPPPVSPRISRSPSA 
ratMUPP1 GRLKETDQILAINGQVLDQTITHQQAI SILQKAKDTIQLVIARGSLPHISSPRISRSPSA 
300 
* 	****** * 	* 
musMUPP1 ASTISA}1SNPMHWQHVETIELVNDGSGLGFG TGGKTGVIVKTILPGGV 
ratMUPP1 ASTVSAHSNPTHWQHVETIELVNDGSGLGFGIIGGKATGVIVKTILPGGVADQHGRLCSG 
360 




* 	****** * 	 * 
musMtJPPl 
ratMUPP1 MRVDASTQKNEESETFDVELT}aNQGLGITIAGYIGDKKLEPSGI FVKS ITKS SAVELDG 
480 
* 	* 	* 
musMUPP1 
ratMtJPPl RIQ IGDQIVAVDGTNLQGFTNQQAVEVLR}{TGQTVRLTLMRKGASQEAE ITSREDTAKDV 
540 
musMUPP1 
ratMIJPP1 DLPAENYEKDEESLSLKRSTS ILPIEEEGYPLLSTELEETEDVQQEALLTKWQRIMGIN 
600 
* 	******* * 	* 
musMtJPPl 
IratMUPP1 YEIVVAHVSKFSENSGLGI SLEATVGHHFIRSVLPEGPVGHSGKLFSGDELLEVNGINLL 
	
- 	 660 
* 	* * 
musMtJPPl 
ra tMTJPP1 GEMiQDVVNILKELPIDVTMVCCRRTVPPTALSEVDSLDIHDLELTEKPHIDLGEFIGSS 
_720 















ratMtJPPl QRQHAGS PPTDMS PAATSGFTVSDYTPANAVEQKYECANTVAWTPSQLPSGLSTTELAPA 
1020 
* 	****** * 	* 
rnusMtJPPl 
ratMUPP1 LPAVAPKYLTEQS SLVSDAESVTLQSMSQEAFERTVTIAKGS S SLGMTVSANKDGLGVIV 
1080 
* 	* 	* 
rnusMUPPl 
ratMtJPP1 RSIIHGGAISRDGRIAVGDCILS INEESTISLTNAQARAMLRRHSLIGPDIKITYVPAEH 
1140 
musMUPP1 
ratMUPP1 LEEFRVSFGQQAGGIMALDIFS SYTGRDI PELPEREEGEGEESELQNAAYS SWSQPRRVE 
1200 
* 	****** * 	 * 
musMUPP1 
ratMUPP1 LWREPSKSLGI SIVGGRGMGSRLSNGEVMRGIFIKHVLEDSPAGKNGTLKPGDRIVEVDG 
1260 







* 	****** * 	 * 
musMUPP1 
ratMUPP1 WIQERYGTLTGQLHMIELEKGHSGLGLSLAGNKDRTRMSVFIVGIDPTGAAGRDGRLQ 
- 	 1440 
* 	* 	* 
musMUPP1 --------------- ----------------------------- QMAVCPGNAADSPSST 
ratMUPP1 IADELLEINGQILYGRSHQNASSIIKCAPSKVKIIFIRNADAVNQMAVCPGSAADPLPST 
1500 
* ****** * 	* 
musMUPP1 SDS PQNKEVEPCSTTSASAADLS SLTDVYQLELPKDQGGLGIAICEEDTINGVNIESLTE 
ratMUPP1 SES PQNKEVEPSITTSASAVDLSSLTNVYHLELPKDQGGLGIAICEEDTLNGVTIKSLTE 
* 	* 	* 
1560 
musMUPP1 HGGAAKDGRLKPGDHIbAVDDEVVAGCPVENFISLLKTAKATVKLIVRAENPACPAVPS 
ratMUPP1 RGGAAKDGRLKPGDRI LAVDDELVAGC P1 EKFI SLLKTAKTTVKLTVGAENPGCQAVPSA 
* 
1620 
musMUPP1 AVTVSGERKDNSQTPAVPAPDLEPI PSTSRS STPAVFASDPATCPI I PGCETTIGVSKGQ 
ratMtJPPl AVTASGERKDSSQTPAVPAPDLEPIPSTSRSSTPAIFASDPATCPI IPGCETTIEISKGO 
hurnMUPPl --------------------'------------ATCPIIPGCETTIEISKGR 
1680 
****** 	* * 	 * 	* 
musMUPP1 TGLGLSIVGGSDTLLGAI IIHEVYEEGAACKDGRLWAGDQILEVNGIDLRKATHDEAINV 
ratMUPPl TGLGLS IVGGSDTLLGAI IIHEVYEEGAACKDGRLWAGDQILEVNGIDLRKATHDEAINV 
humMUPP1 TGLGLS IVGGSDTLLGAI I IHEVYEEGAACKDGRLWAGDQILEVNGIDLRKATHDEAINV 
* 	 * 	****** 	* * 
1740 
musMUPP1 LRQTPQRVRVTLYRDEAPYKEEDVCDTFTIELQLQKRPGKGLGLS IVGKRNDTGVFVSD I 
ratMUPP1 LRQTPQRVRLTLYRDEAPYKEEDVCDTFTVE. . LQKRPGKGLGLSIVGKRNDTGVFVSDI 
hurnMTJPP1 RQTPQRVRLTLYRDEAPYKEEEVCDTLTIE. . LQKKPGKGLGLSIVGKRNDTGVFVSDI 
* 	* 	* 
1800 
musMUPP1 VKGGIADADGRLMQGDQILMVNGEDVRHATQEAVAALLKCSLGAVTLEVGRVKAAPFHSE 
ratMUPP1 VKGGIADADGRLMQGDQ ILMVNGEDVRNATQEAVAALLKCSLGTVTLEVGRIKAAPFHSE 




ratMtJPPl RRPSQSSQVSES SLSSFSLPRSGIHTSESSES SAKKNALASEIQGLRTVEIKKGPADALG 
humMUPP1 RRPSQSSQVSEGSLSSFTFPLSGSSTSESLES S SKKNALASEIQGLRTVEMKKGPTDSLG 
* 	 * 	 * 	* *** 
1920 
musMtJPPl LS IAGGVGSPLGDVPIFIA4HPNGVAAQTQKLRVGDRIVTICGTSTDGMTHTQAVNLMK 
ratMUPP1 LS IAGGVGSPLGDVPIFIANNBPNGVAAQTQKLRVGDRIVTICGPSTDGMTHTQAVNLMK 
humMUPP1 IS IAGGVGSPLGDVPIFIA4HPTGVAAQTQKLRVGDRIVTICGTSTEGMTHTQAVNLLK 
- 
* 	 * 
1980 
musMUPP1 NASGS IEVQVVAGGDVSVVTGHQQELANPCLAFTGLTS S S IFPDDLGPPQSKTITLDRGP 
ratMUPP1 NASGS IEVQVVAGGDVSVVTGHQQELANPCLAFTGLTS STIFPDDLGPPQSKTITLDRGP 
humMUPP1 NASGSIEMQVVAGGDVSVVTGHQQEPASSSLSFTGLTSSSIFQDDLGPPQCKSITLERGP 
****** 	* * 	 * 
2040 
musMUPP1 DGLGFS IVGGYGSPHGDLPIYVKTVFAKGAAAEDGRLKRGDQI IAVNGQSLEGVTI-iEEAV 
ratMUPP1 DGLGFSIVGGYGSPHGDLPIYVKTVFAKGAAAEDGRLKRGDQI IAVNGQSLEGVTHEEAV 






Figure 5.6 MUPP1 protein alignment. 
The amino acid sequences of the mouse (mus), rat, and human (hum) MUPP1 predicted 
proteins are optimally aligned in this figure. Residues shown in blue are identical in at least 
two of the sequences. Secondary structure of the PDZ domains are shown above the 
sequence in red and the positions predicted to contact the ligand and marked * These were 
determined by alignment of the PDZ3 domain of the rat PSD-95 protein whose structure has 
been predicted (see text). 
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To determine to which of the previously known PDZ proteins MUPP 1 is most closely 
related protein sequence alignment analysis was carried out. By searching the protein 
sequence database, SPTR ( the non-redundant set of Swissprot & TrEMBL) using the 
BLASTp programme three highly related protein were identified, CIPP 1, INADL, and 
c52A1 1.4. Protein alignment was carried out by running the multiple sequence alignment 
programme, Pileup, at HGMP-RC and revealed that all four proteins share highly identical 
PDZ domains. Pairwise comparisons were made by using the optimal alignment programme 
Bestfit and revealed that the most identical PDZ domains are arrayed in the same order, 
resulting in a similar organisation in each protein (figure 5.7). The only PDZ domain that 
showed no greater identity to a particular MUPPI PDZ domain was PDZ 10 of C52A 11.4. 
CTPP 1, Channel-interacting PDZ domain protein, was recently identified (Kurschner et a! 
1998) and has been shown to interact with the inward rectifier K±(Kir) channel, Kir4. 1 via 
specific PDZ domains, the other PDZ domains associate selectively with the C-termini of 
NMDA type glutamate receptors, neurexins and neuroligins. This is consistent with the idea 
that the protein may be functioning as a signalpiex scaffold. Little is known about the 
cellular function of [NADL, a human protein sharing homology with the Drosophila 1NAD 
protein (section 5.1) that is expressed in numerous human tissues. 
98 
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Figure 5.7 Diagram of the domain structures of four highly related PDZ proteins 
The PDZ domains of MUPP1 and its three closest protein neighbours are represented as closed boxes. The organisation shown is based on PDZ 
domain homology to MUPP1 (Multi-PDZ-domain protein). Aligned are mouse CIPP1 (Channel interacting PDZ domain protein, Kurschner et all 998), 
human INADL (INAD Like protein, Philipp et al1 997)   and worm C52A1 1.4 (a hypothetical 236.2 kDa C. elegans protein). The numbers above each 
PDZ domain represents percentage identity to its matched MUPP1 PDZ domain. 
WO 
The Muppl gene had been isolated by Ulimer et a! (1998) in a yeast two hybrid screen using 
the G protein-linked 5-HT 2, receptor as bait, suggesting a functional interaction between 
these two proteins in vivo. The large number of PDZ domains within the MIJPP1 protein 
suggests that it would be capable of binding a number of different proteins, possibly all of 
the proteins required for 5-HT signalling, from receptor to effector. The role of inositol 
phosphate hydrolysis in G protein coupled signalling is reviewed in Berridge (1993) and 













Figure 5.8 G protein mediated signalling 
This figure illustrates G protein mediated signalling for a variety of G-protein-linked receptors 
including 5-HT. PLC, Activated via the G protein linked receptor hydrolyses PIP 2 to lnsP 3 
and DAG. Binding of lnsP 3 to its receptor results in the release of calcium contained within 
intracellular stores. DAG activates (PKC) which increases the opening probability of some 
Ca2+ channels through a phosphorylation-dependent process. Abbreviations used are, R, 
receptor; PIP 2 , phosphatidylinositol 4,5-Bisphosphate; PLC,, Phospholipase C-131;  lnsP 3 
inositol (1 ,4,5)-triphosphate; DAG, Diacylglycerol; lnsP 3R, InsP 3 Receptor; PKC, Protein 
Kinase C. 
The PT hydrolysis assay was initially used to show agonist-induced, GTP-dependent 
phosphoinositide hydrolysis in postmortem human brain membranes (Jope et al 1994a). The 
assay has since been used to demonstrate that P1 hydrolysis in postmortem human brain 
membranes is mediated by the G-proteins Gq/l 1 and phospholipase C-beta (Jope et al 
1994b) and that this is impaired in both Alzheimers diseased and bipolar affective disorder 
brains (Jope et al 1994c and 1996 respectively). 
If the MUM protein was involved in the efficiency of 5-HT induced signalling, then 
membrane preparations from the brains of mice with homozygous deletion of the Muppi 
gene should show reduced P1 hydrolysis when stimulated with receptor agonists. The assay 
was carried out as described in section 2.17 on a litter of 10 day old mice from a cross 
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between Tyrpi b-IFCHLe  heterozygotes. This deletion deletes the entire coding region of the 
Muppi gene. All mice in the litter were genotyped as described in the legend to figure 3. 1, 
and mice 7 and 8 were identified as the only deletion homozygotes in the litter. The receptor 
agonists used were 5-HT and mCPP, (meta-Chiorophenylpiperazine), a non-specific agonist 
that displays a slightly higher affinity for the 2C receptor subtype (reviewed by Kennett, 
[http://www.tocris.comlserotonin.html ]) The results shown in figure 5.9 show that 
stimulation with either receptor agonist in mice 1, 2 ,3 and 6 appears to increase the relative 
amount of PIP 2 hydrolysis, while for the homozygously deleted mice, 7 and 8, it does not. 
The standard errors are plotted on the charts and indicate that the results are not highly 
significant. Nevertheless the data is suggestive and further analysis of these mice is required 
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Figure 5.9 P1 hydrolysis assay results. 
The above charts represent the mean result from three samples per individual mouse. 
Value of cpm equals counts per minute per 500.il aliquot of aqueous phase solution 
containing the hydrolysed product lnsP 3 (section 2.17.2). Experiments between mice 
are not comparable as the quantity of material is not controlled for. Comparison 
between stimulated and unstimulated samples can be made per mouse analysed. The 
receptor agonists were used at 1 m concentrations. Genotypes of mice are explained 
















5.6 Summary of the analysis of Muppi 
The baf phenotype is not due to homozygous deletion of the Muppi gene, although an effect 
on expression of the gene in baf mice has not been rigorously excluded. Furthermore 
homozygous deletion of the Muppi gene does not appear to result in a more severe 
phenotype than baf (chapter 4). This suggests that Muppi is not required for development 
and loss of this gene alone would result in a relatively more subtle phenotype. Current data 
on multiple PDZ domain containing proteins strongly suggest that they function as 
scaffolding proteins to form large macromolecular complexes. AMPA- and NMI)A- type 
glutamate receptors have been shown to bind to the multiple PDZ domain proteins, GRIP 
and PSD-95 respectively (Kornau et a!, 1995 and Dong et a!, 1997). These two proteins are 
implicated in both the aggregation of the glutamate receptors to which they bind as well as 
interacting with the signal transduction molecules (nNOS, synGAP), cytoskeletal elements 
and membrane proteins (actin, neuroligin). This work is reviewed by O'Brien et a! (1998). 
Recent studies have shown that a hypermorphic allele of Psd95 results in altered NMDA 
receptor-dependent synaptic plasticity as determined by electrophysiological studies 
(Migaud et a! 1998). It may be predicted that the loss of function of the Muppi gene will 
result in a similarly subtle phenotype. 
If the MUPP 1 protein interacts specifically with the 2C subtype of 5-HT receptors the loss 
of functional protein may be predicted to have a number of effect. The highest density of the 
5-HT2c  receptor is found in the choroid plexus (Abramowski et a!, 1995). leading to the 
suggestion that it may regulate cerebral spinal fluid production. It has also been 
hypothesised to mediate the migraine prophylactic effects of four non-selective 5-HT 2 
receptor antagonists as well as anxiogenic and panic precipitating properties of the 5-HT 
agonist, mCPP. MCPP also induces hypophagia, penile erections, oral dyskinesias and 
hypothermia in rodents, all of which are thought to be 5-HT 2c  receptor mediated, this 
agonist has also been shown to disrupt sleep in man (Baxter et a! 1995). 5-HT2c  receptor 
knockout mice have been generated (Tecott et a!, 1995), which are overweight as a result of 
abnormal control of feeding behaviour, establishing a role for this receptor in the 
serotonergic control of appetite. Mutant animals are also prone to spontaneous death from 
seizures, further investigation (Brennan et a! 1997) determined this was due to their extreme 
susceptibility to audiogenic seizures. This suggests that 5-HT2C receptors mediate tonic 
inhibition of neuronal network excitability. A decrease in the efficiency of specifically 5- 
HT2c  receptor mediated 5-HT signalling may result in affected eating, sleeping and other 
behaviours as well as lowing fertility in male mice. Unfortunately it is not possible to study 
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most of these behaviours in young mice, the deletion homozygous that are completely null at 
this locus are therefore not useful as loss of the more proximal baf gene most often results in 
juvenile death. The P1 hydrolysis assay provided an indication that loss of the Muppi gene 
product does affect 5-HT signalling. More will be learnt about the function of the MUPP 1 
protein when ENU-induced point mutations are identified (see discussion) or a targeted 
knockout is generated. It is probable that a number of ENT-induced alleles will be recovered 
as the gene is a relatively large target. 
104 
A human and mouse comparative transcript map 
6.1 Introduction 
Human transcripts previously mapped to the region of chromosome 9 that has conserved 
synteny and shares gene order with the Tyrpl deletion complex on mouse chromosome 4 
were identified from a number of resources available in the public databases including 
genetic, physical and radiation hybrid maps. Radiation hybrid (RH) maps are an alternative 
to genetic maps, they can include non-polymorphic markers and are powerful enough to 
order genetically unresolved clusters of polymorphic STSs. These chromosome maps are 
calculated from RH score vectors, which are the pattern of assay results of a particular 
marker on a particular panel. The vector consists of l's (did amplify) and 0's (did not 
amplify) and basically, the more similar two score vectors are, the closer the markers are on 
the chromosome. The human RH mapping data of an international collaboration using 4 
different panels is updated daily and the progress can be viewed at 
http://www.ebi.ac.uk/RHdb/STATS/HUMAN/rhdb—stat.html 
Information from a human RH map is combined with linkage and physical data to create a 
human integrated map which can be viewed by chromosome at; 
http://carbon.wi.mit.edu:  8000/cgi-binlcontig/sts_by_chrom 
This site displays a composite map in which the genetic linkage map from Généthon, and the 
radiation hybrid map from the Whitehead Institute/MIT Genome Centre are used to anchor 
YAC/STS contigs. Markers on this map are colour coded by origin so that those derived 
from expressed sequences are easily identified. Table 6.1 represents a portion of human 
chromosome 9p that displays conserved synteny with the distal portion of the Tyipldeletion 
complex region. The proximal region of the deletion complex has conserved synteny with 
human chromosome 9q37 For simplicity not all STSs (Sequence Tagged Sites) are shown 
but all expressed sequences that have been mapped are included. The markers that have 
been physically mapped have been ordered on the Whitehead YAC contig, WC9. 1 which 
extends 56cM from almost the top of chromosome 9. The radiation hybrid map used gives a 
size of 11,156 cR (centiRays) for the genome, or 3.7 cRlmegabase which puts the genetic 
distance across this region of the genome (1 OeM) in approximate agreement with RH 
distance (34.25cR). 
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Marker 	Genetic position (cM) R.H. from top of chr. Mapped to contig  
D9S168 20.4cM 26.0cR V 
D9S256 23cM V 
D9S269 23cM V 
45.96cR * 
WI-9748 46.0cR * 
48.07cR * 
WI-4388 50.99cR * 




WI-18533 55.49cR * 
AFM2422c5 55.59cR * 
55.59cR * 
i.i435 55.59cR * 
V 
55.69cR * 
D9S274 28cM 57.20cR V 
58.69cR * 
D9S156 30cM V 
WI-16839 30cM 60.25cR * 
60.25cR V 
Table 6.1 Integrated map of a 10cM interval of human chromosome 9p 
Markers shown in red are expressed sequences, markers in black are non-expressed STSs. 
(WI-1 6839 is shown in black with red brackets because is was initially generated as an STS 
but is actually an expressed sequence). Marker distances are shown in cM and cR 
(centiRays) are given from the top of the chromosome 9 linkage map. Gaps in the table are 
present as not all markers have been mapped in all three resources, where no difference is 
apparent, markers are ordered according to location on the physical contig WC9.1 which is 
displayed at; 
httpJ/carbon.wi.mit.edu  :8000/cgi-bin/contigllookup_contig 
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6.2 Mapping of human markers to mouse chromosome 4 
Markers of interest in this table are those derived from expressed sequences mapping near to 
Tyrpi which is represented by the marker WI-709 1. Each human EST was used to search the 
sequence databases to determine if a corresponding mouse EST was available, and the 
mouse, or human IMAGE (Integrated Molecular Analysis of Genomes and their Expression) 
clones from which the markers were generated (Lennon et al 1996) were obtained from 
HGMP-RC. Clones were obtained as bacterial stabs which were grown and stored as 
described in section 2.2. Plasmid DNA was isolated and used to make probes either by PCR 
with vector primers or by digesting out the insert. These ESTs were mapped to the mouse 
deletions, and both the human and mouse physical contigs. Human YACs were obtained 
from Research Genetics and were grown and stored as described in section 2.3.2, DNA was 
isolated from these YACs by the method described in section 2.3.3. Table 6.2 lists the YACs 
obtained, their plate address and the markers they were found to contain. The mapping of 





Table 6.2 Marker content of human YACs in the Tyrpi linked pnysicai contig 
Table 6.2 legend 
Numbered YACs obtained from research genetics are listed with their addresses. Filled 
boxes denote marker present in the corresponding YAC, open boxes denote YACs were 
tested and found not to contain that particular marker. Markers were tested by hybridisation 
in this study, except those marked with a star which were previously analysed by PCR 
(Hudson et all 995). The STS D9S274 is shown to anchor the YAC contig. 
SGC33182 
EST SGC33 182 is the 3'sequence run from the human IMAGE clone 79450 which was 
isolated from a cDNA library prepared from normal lung tissue taken from a 72 year old 
male. The IMAGE clone insert is approximately SOObp so the 5'sequence, T60020 almost 
completely overlaps the 3' sequence. The EST had previously been mapped to the radiation 
hybrid map and was mapped to the human YAC contig by Ruth Suffolk by PCR using the 
same primers (R931 and R932) that had been used for the radiation hybrid mapping. The 
result of this mapping is summarised in table 6.2 which places the transcript between Tyrpi 
and SGC33 182 and identifies a deletion in YAC 954f10. To determine which deletions 
contain this marker Ruth Suffolk hybridised a radiolabelled probe prepared from the Human 
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PCR product to a Southern blot of mouse DNA. Because the transcript maps proximal to 
W1-13707, which is proximal to the baf candidate interval (see below), it cannot be a 
candidate for baf. 
WI-13707 
This EST originated from a human placenta library, the human IMAGE clone (140635) was 
mapped to the human YACs by hybridisation. The homologous mouse IMAGE clone 
(319250) that was identified by database searching was mapped by hybridisation to the 
deletions by Julia Bell. Figure 6.1 shows the results of this mapping experiment which 
places the clone distal to Tyrpi but proximal to the baf candidate interval. The gene is 
deleted from 2 viable deletions, TypI 5"° and indicating that it is not 
required for normal development. Mice homozygous for deletions which delete this gene do 
not have an observable phenotype. The EST was also mapped to the human and Mouse 
physical maps by hybridisation. This was carried out by Julia Bell who also determined by 
Southern blot analysis that the exons 2F, El 6 and B 12 which map in the same region are not 
contained in the IMAGE clone. A summary of this mapping data is shown in figure 6.5. 
1 2 3 4 5 6 7 8 9 10 
Figure 6.1 Deletion mapping of WI-13707 
A probe prepared from the mouse IMAGE clone 319250 was hybridised to a Southern blot 
containing genomic DNA from homozyqote and compound deletions. Lanes 1 to 10 contain 
DNA from the following mice, Tyrpl b4 7DM Vvbfry1p1
0z,  Tyrpl173ffyrpl "Pub  , TyrplTHQ 
IVffyrp 1b-46UThC Tyrp jb33G/7y,p 1b-46UThC Tyrp 1 b-5ChLof1y,p 1b-5ChLo Tyrp 
16lH1 Tyrp 
Tyrp11ryrp1 2 , +7+, and Tyrp1 	Thcrry,p1b46uThc The probe appears only to be 
present in lanes 4 and 5 although the DNA in lanes 7 and 8 are not sufficiently digested to 
determine presence or absence. This data, from Julia Bell maps the EST distal to Tyrpi but 
proximal to the baf candidate interval as shown on figure 6.5. 
WI-18533, AFM 24226 and SGC32204 
All three ESTs originate from the same transcript. The sequence of SGC32204 is from the 
IMAGE clone 28019 which came from a human infant brain cDNA library and was mapped 
to the human YACs (figure 6.2). Database searching with this sequence identified a number 
of mouse ESTs and showed that the sequence has homology to the human homologue of the 
Drosophila PDZ domain containing gene, Discs large. The mapping and expression analysis 
of this gene has been discussed in detail in chapter 5 as it maps close to the baf candidate 
interval. The summary of these mapping experiments is shown in figure 6.5. 
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Figure 6.2 Mapping of SGC32204 to the human YAC contig 
A probe prepared from the human IMAGE clone 28019 was hybridised to EcoRl digested 
YAC DNA from the human YACs listed in table 6.2. YACs 2, 3, 5, 6, 8, 9, 16, 18 and 24 all 
contain the marker. Lanes V, H, and M contain YAC vector, human genomic and mouse 
genomic DNA respectively. 
WI-14235 and W1-6883 
These two ESTs are present in the human EST contig of the 1(4)2Rn candidate transcript. 
WI-14235 is the 3' sequence of IMAGE clone 23317, WI-6883 is the 3'sequence of clone 
36896, both of these clones came from total infant brain libraries. WI-6883 was already 
mapped to the human physical contig, (table 6.2) the mapping of the homologous mouse 
clone is detailed in chapter 3, this gene is a candidate for 1(4)2Rn. 
SGC32583 
This EST was obtained from a human melanocyte cDNA library and the insert of the 
IMAGE clone was hybridised to a Southern blot of the YACs in the human contig. This did 
analysis of the clone and the ESTs which it matched in the database identified that the 
transcript was part of the 3'UTR of the Tyrpi gene. Pairwise analysis between the ESTs and 
the complete sequence of Tyrpi, recently published by Box et a!, (1998) using the HGMP-
RC programme BestFit identified a 400bp 100% identical match situated beyond the 
published PolyA site. All ESTs from this region of the trancscript identified by Blast 
searching were from clones derived from melanocytes, this may that they relate to 
melanocyte specific transcript that has a longer 3' UTR. This clone has therefore been 
incorrectly mapped in the human radiation hybrid map at 55.69cR, the Tyrpl EST, WT-7091, 
is mapped at 54.78cR. This difference may be due to the mis-typing of only a few radiation 
hybrids in the panel. 
SGC33781 
This EST from IMAGE clone 120172 was obtained from a human foetal liver and spleen 
cDNA library. The clone was obtained and mapped to the Human YAC contig where it was 
present in only the most distal YAC, placing it distal to the 1(4)2Rn candidate transcript, Wi-
68 83. The mouse homologue of this transcript was therefore not pursued as it would not be a 
candidate for either baf or 1(4)2Rn. The transcript may be a candidate for either the more 
distal functional unit 1(4)3Rn or dep, to determine if this is the case a homologous mouse 
clone would need to be obtained and mapped to the deletion panel. 
WI-16839 
WI-16839 is a human STS that had been both genetically and radiation hybrid mapped and 
is therefore written in black in table 6.1 and figure 6.5 although it is part of an expressed 
transcript. Blast search analysis reveals a 100% identical match of a I 45bp stretch of this 
sequence with the sequence T93872 which is the 3' sequence run from the human IMAGE 
clone 116911. This clone was therefore obtained and a probe prepared by PCR using vector 
primers F447 and E428. This probe successfully hybridised to mouse DNA and exhibited a 
BaniHl RFLV between Mus musculus and Mus spretus DNA. Figure 6.3 shows that the 
probe is not deleted from any of the deletions tested which include the most distally and 
proximally extending deletions. The transcript is therefore not a candidate for any of the 
known functional units in the deletion complex, including the most distal unit 1(4)3Rn 
because it is not deleted from Tyrpl3R75M,  Tyip1 8 or Tyrp1' 2 all three of which are 
deleted for 1(4)Rn3. 
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Figure 6.3 Deletion mapping of WI-16839 
Probe prepared from the IMAGE clone 116911 was hybridised to a Southern blot of BamHl 
digested DNA, 1 to 22, from mice carrying the following deletions and a Mus spretus 
chromosome. lTholV, 1DF10D, 47DthWb, 331K, 13DT, 26R60L, 3YPSh, 12Pu, 155Cos, 
3YPSc, 11R30M, 173G, 9Pu, 37Pub, 1OZ, 33G, 51DthWb 8Pub, 49HATh, 5CHLe, 46Uthc, 
13R75M. 23 and 24 contains and Tyrp19R75/Tyrp155C0s 
respectively. Lane M contains Mus musculus DNA and S/M contains Mus musculus/Mus 
spretus DNA arrows labelled S and M identify the fragments derived from these different 
species chomosome. 
W16705 
WI-16705 is derived from the IMAGE clone 34317 (from an infant brain library) which has 
been mapped to the same position as WI-16839 on the Radiation hybrid map and the relative 
order of these two transcripts has not been determined. WI-16705 has also been mapped to 
contig WC9. 1 by the MIT human physical mapping project, it is not present in any of the 
YACs that were obtained (those listed in table 6.2) but is present in the next distal 
overlapping YAC. The clone was obtained and a probe prepared by PCR using vector 
primers F447 and E428. The probe successfully hybridised to mouse DNA and exhibited a 
RFLV between Mus musculus and Mus spretus DNA. Figure 6.4 shows that this EST is not 
deleted from one of the two most distally extending deletion, Tyrp13R7SM.  It is possible that 
the EST is deleted from Ty,p12Th1, the distal extent of which has not been separated from 
Tyrpl3R7SM by microsatellite mapping data (Bell et al 1995). The transcript is unlikely to 
be a candidate for the most distal functional locus known, 1(4)Rn3 as it is not deleted from 
TyrpP3R75M and therefore presumably not from the less distally extending deletions Tyrp1 
8Pub and ]b.4ACR which also delete the 1(4)Rn3 functional unit. 
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Figure 6.4 Deletion mapping of WI-6705 
A Probe prepared from the IMAGE clone 34317 from which this ESTs is derived was 
hybridised to a Southern blot of BamHl digested DNA from S/M (Mus spretus/mus 
musculus), M (Mus musculus/Mus musculus) and D (Tyrp13R7SMI  Mus spetus) mice. The 
figure shows that the Mus musculus fragment is not deleted from Tyrp13 75M 
6.3 Summary of comparative mapping data 
The comparative mapping data is summarised in figure 6.5. This identifies that a number of 
partial transcripts have been identified in the 9p22-9p23 region which when deleted or 
duplicated results in distinct clinical phenotypes. The deletion 9p syndrome was first 
recognised by Alf et a! in 1973 and over 90 cases have since been reported, approximately 
half of these cases result from a sporadic de novo deletion while the other half arise by 
abnormal segregation of a parental translocation (Huret et a! 1988). The size of deletion 
detected varies, but de novo deletions appear to have a common breakpoints at 9p22 and 
9p24. The phenotypic features of the del(9p) syndrome include metopic craniosynostosis 
(trigonocephaly), small ears, abdominal wall defect, and mental retardation, as well as 
hypopigmentation. A study of the parental origin of de novo deletions in determined that 
genomic imprinting does not play a role in the pathogenesis of del(9p) syndrome suggesting 
that there are no imprinted genes associated with this syndrome in this region. Microsatellite 
marker analysis of a case of partial monosomy as a result of a de novo translocation (9p23; 
13p1 1) assign the breakpoint to 9p23  flanked by the markers D9S144 and D9S157 which 
extends beyond both the distal and proximal extent of fragment shown in figure 6.5. This 
patient has mental deficiency, trigonocephaly, hypertelorism, obesity and a short broad neck. 
Inheritance of a cytogenetically balanced 3;9 translocation, with breakpoints at 3p  1 and 
9p23, has been shown to result in the del(9p) syndrome (Wagstaff and Hemann, 1995). A 
phenotypically normal father carrying the 'balanced' translocation was shown by FISH 
analysis to have a portion of the 9p23 chromosome inserted into the long arm of 
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chromosome 8. The son of this individual was shown by molecular analysis to be deleted for 
this fragment (from D9S267 to beyond the distal extent of figure 6.5) due to meiotic 
segregation of the father's 3;9 translocation chromosomes together with his normal 
chromosome 8 which did not contain the insertion from 9p23.  This resulted in the 
phenotypic features typical of the del(9p) syndrome described above. A daughter was shown 
to have inherited normal chromosomes 3 and 9 and the chromosome 8 containing the 
insertion of 9p23 material from her father. This duplication of the 9p23 loci resulted in 
speech delay, mild facial dysmorphism, and renal malformation. 
The phenotype of this 9p23 loci duplication overlaps with the phenotype of the duplication 
of partial trisomy syndrome. Many cases of tnsomy and partial trisomy of 9p have been 
reported which result in a number of abnormalities. Craniofacial abnormalities include 
malformed ears, bulbous nose, downturned mouth, hypertelorism and cleft lip and palate. 
Other observed defects include nail hypoplasia, cardiac defects, low IQ score and distinct 
dermatoglyphic characteristics (Young et a! 1982). Comparative analysis of individuals with 
a partial duplication (9p22—*9p24) that exhibit duplication 9p  syndrome with 144 reported 
partial trisomy cases suggests that 9p22 may be the critical region for this syndrome 
(Fujimoto et a! 1998 and Haddad et a! 1996). Tetrasomy 9p, i(9p), has also been identified. 
A review and comparison of 20 reported cases revealed a pattern of recurring features, 
including ear malformations, skeletal and joint problems (especially dislocations), 
hypoplasia of nails and digits, palatal abnormalities hypertelorism, urogenital anomalies and 
developmental retardation (Tonk 1997). Most of these phenotype are common to trisomy 9p 
syndrome and are often more severe in i(9p) individuals, presumably due to dosage effects. 
The congenital defects observed in individuals with these chromosomal abnormalities are 
due to the dosage dependant effect of genes within this region, some of which may be 
contained within the brown deletion complex in the homologous mouse chromosomal 
region. Further molecular analysis and exhaustive mutational analysis of this region may 
identify genes involved in the pathways which are disrupted in the 9p deletion and 
duplication syndromes. 
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Figure 6.5 Summary of comparative mapping data 
All comparative mapping data is summarised in this figure. RH numbers are in centirays from 
the top of the human chromosome 9 linkage map. Human YACs are numbered as listed in 
table 6.2, mouse clone 1 refers to YAC 56E7, 2 refers to BACs 29H12, 286A21 and 4H14, 3 
refers to BAC 2901-2, 4 refers to 11 YACs in the contig shown in figure 3.3. Deletions 
chromosomes drawn in blue are labelled 1 (37DTD and 33G), 2 (173G, 1THO-IV, 47DThWb, 
331K, 9Pu and 51DthwB), 3 (11R30M, 13DT, 49HATh, 3YPSc, lDFlod, 55C0S and 
26R60L), 4 (9R75VH, 37Pub, 1OZ, 5CHLe, 8Pub, 46Uthc, ilPu, 3Ypsc, 13R75M and 12Pu). 
Genetic map distances are given where known. Markers shown in red are expressed 
sequence tags (ESTs), markers shown in black are Sequenced Tag Sites (STSs). 
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Discussion and Directions 
Thirty overlapping deletions, generated by the SLT, flank the Tiypl locus and allow for a 
high resolution molecular and functional analysis of 7 - 9 cM on mouse Chr 4. The aim of 
this thesis has been to identify genes implicated in developmental and/or neurological 
processes within this interval. 
The 1(4)2Rn functional unit has been defined in this thesis as essential for perinatal or 
neonatal survival, with no obvious morphological effect. Genetic, physical and comparative 
mapping studies of the proximal region of the deletion complex has facilitated the 
identification of one possible candidate for the 1(4)2Rn gene(s). More candidates for which 
have been made accessible by the physical mapping of this region. 
The identification of many genes from other loci used in the SLT has been slow but 
relatively straightforward. However analysis of the interval immediately proximal and distal 
to the Tyrp 1 locus has revealed a complicated story. An important factor in the success of 
gene identification in deletion complexes has been clearly defmed and easy to quantitate 
phenotypes (e.g. cleft palate, convulsions or short ears). This is not the case for the baf 
phenotype, which appears to be a highly variable 'failure to thrive' syndrome. Genetic 
analysis has now divided the baf functional unit into two possible loci which result in very 
similar phenotypes when homozygously deleted, the molecular nature of these mutations 
may or may not be related. Comparative studies of the phenotypes of mice homozygously 
deleted for one or other of the baf loci has not revealed any obvious differences between the 
two. The analysis of this functional unit has further been complicated by at least one non-
linear deletion and that the phenotype of two of the deletions may be affected by genetic 
background. 
A possible candidate for the distal baf gene was identified by comparative mapping although 
the candidacy of this gene has yet to be confidently supported or refuted. The thirteen 
multiple PDZ domains encoded in the gene are likely to interact with the signalling 
apparatus of a neuronal pathway, facilitating its speed or efficiency. Current data suggests it 
may be the G-protein coupled serotonin signalling system. Preliminary functional analysis 
suggests that the 5-HT mediated P1 hydrolysis is affected in these mice. However the most 
recent theory of how PDZ 'Signalpiexes' work would predict that using a membrane 
preparation to assay PT-hydrolysis would not be very effective due to loss of the predicted 
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cell wide web. Therefore, further investigation is required to determine the function of this 
gene in wild type mice and to determine if this function is affected in any of the deletion 
strains. This may be achieved by assaying P1 hydrolysis in primary cultures of wild type 
mice and mice with homozygous deletion of Muppi. Alternatively, immunohistochemistry 
may reveal if a number of the proteins required for 5HT signalling are clustered in wild type 
mice and not in mutant mice. 
All of the genes present in this interval of mouse chromosome four will eventually be 
identified by the ENU mutagenesis programme currently underway in the Department of 
Molecular and Human Genetics at Baylor College of Medicine, Houston, Texas. Mice 
carrying selected Tyrpi deletions have been crossed to ENU mutagemsed male mice and the 
offspring crossed to Typ lBW/TyrpF') mice. Offspring from this cross will be one of four 
classes, black coloured Tyrpil Typ1 mice, black with white at the base of the fur 
Tyrp IWITyrp IBW  mice, both of which are discarded. The other two classes include brown 
mice with white undercoats (TvrpI'/Tyrp lNM) which are new mutation carriers and brown 
mice Tyrp1'/ TyrpINM  which are tested. A pilot experiment has yielded a new mutation in 
approximately every 25 gametes screened, reflecting the relative gene rich content of the 
deletion region. Several mutants identified display a subviable phenotype similar to baf and 
these lines are being investigated. The goal of this project is to saturate the region with 
mutations to generate multiple allelic series, then correlate the mutations with candidate 
genes. The construction of a sequence-ready physical contig of the entire region is also 
underway and will be achieved by a collaboration between the HGU, Baylor and The 4MRC 
Mouse Genome Centre at Harwell. The combination of these efforts will result in the 
generation of new models of human diseases associated with the syntemc regions on human 
chromosomes 1 and 9. 
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